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ULTRASOUND SYSTEMS WITH
MICROBEAMFORMERS FOR DIFFERENT
TRANSDUCER ARRAYS

[0001] This disclosure relates to medical diagnostic ultra-
sound systems and, in particular, to ultrasound systems with
microbeamformers for different transducer probe arrays,
such as multi-frequency transducer probes.

[0002] The images made by pulse-echo ultrasound sys-
tems are formed using the echoes returned from the trans-
mission of ultrasonic pulses or waves into the body. The
ultrasound thus makes a round-trip from the probe to a point
in the image field from which an echo is reflected back to the
probe. The time of the round-trip provides the spatial
location of the echo signal in the image. The ultrasonic
energy of the pulse and its echoes are constantly attenuated
and scattered by the tissue through which they travel, which
requires good sensitivity for the reception of low-level echo
signals. The attenuation is not uniform for all ultrasound
signals, however. Higher frequencies are attenuated more
rapidly with their passage through tissue. Higher frequen-
cies, moreover, produce the best resolution and hence better
images. All things being equal, it would be preferable to use
higher frequency probes for all imaging, but the more rapid
attenuation of higher frequency ultrasound mandates that the
higher imaging frequencies are only used for shallow imag-
ing of depths of a few centimeters. For greater depths such
as are necessary for most abdominal imaging, lower fre-
quency probes are used which will image at greater depths
but with less image resolution. Efforts have been made to
work around this physical limitation, such as zone focusing.
In zone focusing, a first image is acquired at shallow depth
with high frequency ultrasound focused at the shallow
depth. Then, a second image is acquired at a deeper depth
with lower frequency ultrasound focused at the deeper
depth. The two “zones,” shallow and deep, are then dis-
played joined together as one image extending over the full
depth range. The combined image will exhibit good reso-
lution at the shallow depth where higher frequencies were
used, and a greater depth than the high frequency image
alone but with lesser resolution by the addition of the deeper,
low frequency image. But a consequence of this technique
is that it requires the acquisition of two images, which
doubles the time to acquire a full image and hence halves the
frame rate of display of real time imaging. Accordingly it
would be desirable to have a probe that can image at both
shallow and deeper depths and without the frame rate
penalty of multi-zone focused imaging.

[0003] In some aspects, the present disclosure provides
ultrasound systems that can include an ultrasound probe
including a first array of transducer elements, a second array
of transducer elements, and a microbeamformer application-
specific-integrated-circuit (ASIC), located in the probe and
coupled to the first and second arrays of transducer elements.
The microbeamformer ASIC includes a plurality of chan-
nels. Each channel can include a first transmitter coupled to
a transducer element of the first array, a second transmitter
coupled to a transducer element of the second array, and a
receiver selectively coupled to the transducer element of the
first array, the transducer element of the second array, or
both. In some aspects, the first array can include high
frequency transducer elements and the second array can
include low frequency transducer elements. The receiver can
be selectively coupled to the transducer element of the first
array by a first transmit/receive (T/R) switch, and selectively
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coupled to the transducer element of the second array by a
second T/R switch. The first and second T/R switches can be
selectively coupled to each other by a third switch (RX-
SWB). And, a fourth switch (RXSWNXT) can be included
and configured to selectively couple a receiver of one
channel to a receiver of another channel of the plurality of
channels of the microbeamformer ASIC.

[0004] In certain aspects, the receiver can include a TGC
amplifier and/or a time delay. The first and second trans-
mitters can include high voltage transmitters, respectively,
and the receiver can include a low voltage receiver. The first
and second T/R switches can include switches configured to
be dynamically closed during reception of echo signals by
the transducer elements. The first and second arrays of
transducer elements can both extend in an azimuth direction
and are located adjacent to each other in an elevation
direction. A third array of transducer elements can extend in
the azimuth direction and be located adjacent to the first
array on an opposite side as the second array, and the second
transmitter can be coupled to a transducer element of the
third array. The first array of transducer elements can be
mounted at a first distal end of the probe, and the second
array of transducer elements can be mounted at a second
distal end of the probe. The first array mounted on one side
of the probe can include high frequency transducer elements
and the second array mounted on a different side of the probe
can include low frequency transducer elements. The probe
can include control logic configured to selectively operate
the first and second T/R switches and the third switch
(RXSWB). The control logic and the first and second
transmitters can be configured to selectively operate in
response to channel data provided by a main ultrasound
system.

[0005] In the drawings:

[0006] FIG. 1 illustrates in block diagram form an ultra-
sonic diagnostic imaging system constructed in accordance
with the principles of the present disclosure.

[0007] FIGS. 2 illustrates in block diagram form a channel
of a microbeamformer ASIC which transmits and receives
ultrasound at multiple frequencies.

[0008] FIG. 3 illustrates in block diagram form the receive
configuration of the microbeamformer ASIC of FIG. 2.
[0009] FIG. 4 illustrates an ultrasound probe with dedi-
cated high and low frequency transducers.

[0010] FIGS. 5a and 54 illustrate a single transducer array
with both high and low frequency transducer elements
suitable for operation with a multi-frequency microbeam-
former ASIC of the present disclosure.

[0011] In accordance with the principles of the present
disclosure, an ultrasound probe has a microbeamformer
ASIC (application-specific integrated circuit) configured to
transmit ultrasound from different arrays. For example, the
microbeamformer ASIC can be used to transmit and receive
echo signals from a plurality of arrays in an ultrasound
probe. The plurality of arrays can include, e.g., a curved
array, a sector array, and/or a linear array. The different
arrays can operate at different frequencies, e.g., at both high
and low frequencies. Transmission of the multiple frequen-
cies can be generated from different arrays sequentially or
simultaneously. For example, one array can transmit higher
frequency ultrasound at one point in time and a second array
can transmit lower frequency ultrasound at a later point in
time. In some embodiments, the higher and lower frequency
ultrasound can be transmitted at the same time. In some
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examples, probe implementations are described with both a
dedicated high frequency transducer and a dedicated low
frequency transducer and with high and low frequency
transducer elements actuated simultaneously during the
same transmit-receive cycle. The ultrasound systems
described herein, e.g., enable a clinician to perform both
high and low frequency imaging with the same probe, and
to form well resolved images over the full depth of field in
a single transmit-receive cycle and at a high frame rate of
display.

[0012] It is noted that high and low frequency are gener-
ally described in relation to each other, so a high frequency
array will transmit a higher center frequency than a low
frequency array that transmits a lower center frequency.
Arrays of transducer elements are configured to transmit and
receive ultrasound over a bandwidth associated with a
particular center frequency. For example, “high frequency”
can range from 3-7 MHz (80% bandwidth at a 5 MHz center
frequency). “Low frequency” can range from 2-4.5 MHz
(78% bandwidth at 3.2 MHz center frequency. Other ranges
are available, but the two frequency ranges can overlap so
that echoes of interest can be received by arrays with
different frequency characteristics. Similarly, “high voltage”
refers to voltages in the tens of volts, such as voltages greater
than +30V or less than -30V. In some instances, high voltage
devices are +35V or =35V supplies. “Low voltage” refers to
voltages in the single digits, such as 1.5V to 5V. In some
instances, the low voltages are 3.3V or 5V.

[0013] Referring first to FIG. 1, an ultrasound system
constructed in accordance with the principles of the present
disclosure is shown in block diagram form. An ultrasound
probe 10 is provided which is to be held by its handle section
8 against the body of a patient to image the anatomy below
the point of contact. An array transducer at the distal end 6
of the probe transmits focused pulses or waves along direc-
tions referred to as beam directions over a two or three
dimensional region of the body. This region is shown as a
sector-shaped plane 12 in FIG. 1. Echoes are returned from
tissue, blood and structures along the beam direction in
response to each transmission and the echoes are processed
by beamforming to form a series of image signals received
from along the beam. The image region 12 is scanned in this
manner with a sequence of adjacent beams to acquire image
signals over the full image region, and these signals are
further processed by detection and scan conversion to create
an image of the anatomy of the image region.

[0014] The probe 10 contains a microbeamformer ASIC to
which the elements of the transducer array are coupled,
which is described in further detail below. The microbeam-
former stimulates the elements of the array to transmit the
desired beams and also receives and processes the echoes
received by the transducer elements to form coherent echo
signals. The microbeamformer may perform all of the
receive beamforming, or may do partial beamforming which
is completed by a system beamformer 14. The main ultra-
sound system can be contained with the probe on the same
or separate circuitry, or the main ultrasound system can be
a separate unit coupled to the probe via a cable. As shown,
the probe is connected to the main system by a cable 4,
which couples control signals from the main system to the
microbeamformer in the probe, and also couples the beam-
formed receive signals from the microbeamformer to the
system beamformer. After the received signals have been
fully beamformed they are coupled to a signal processor 16
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which performs functions such as decimation, filtering,
harmonic separation, and signal compounding. The pro-
cessed signals are coupled to an image processor 18 which
forms them into images by processes such as amplitude or
Doppler detection and scan conversion. The formed images
are displayed on an image display 20.

[0015] A microbeamformer ASIC 30 of the present dis-
closure is shown in block diagram form in FIG. 2. The
microbeamformer is constructed as a plurality of channels
32, one of which is shown in the drawing. Other identical
channels are represented at 32'. Each channel can control
one or more elements of a transducer array. In the imple-
mentation of FIG. 2, the illustrated channel 32 is shown
controlling two transducer elements, ELEA and ELEB. A
shift register and logic circuit 34 receives channel data from
the main system, which instructs the channel how to transmit
ultrasound and process received ultrasound signals for the
image desired by the clinician. The channel data controls
two transmit control circuits 36 A and 368, which determine
the nature of the transmitted pulse or waveform, e.g., its
frequency, and the times at which each transmit control
circuit transmits a pulse or waveform. The appropriate
waveforms are amplified by high voltage transmitters 40A
and 40B and the high voltage transmit signals are applied to
the transducer elements ELEA and ELEB. A portion of the
channel data is used to control receive circuitry of the
channel including a focus control circuit 38. The focus
control circuit 38 enables a TGC amplifier 42 to begin
amplifying received echo signals from one or more of the
transducer elements coupled to the channel. The focus
control circuit also sets the delay to be applied to received
echo signals by a delay circuit 44 for proper focusing of the
received signals in combination with echo signals received
by other channels of the microbeamformer 30. The gain
applied by the TGC amplifier as echoes are received from
increasing depths along the beam is controlled by TGC
circuitry. A portion of the channel data is loaded into a shift
register 52 which is used by a counter 54 to condition a TGC
slew filter 56. The resultant TGC signal is used to dynami-
cally control the gain of the TGC amplifier as echoes are
received from a transducer element. The TGC circuitry thus
applies a time gain control signal in accordance with the
TGC characteristic chosen by the clinician.

[0016] The amplified and delayed receive signals are
buffered by the amplifier 46 for application to a cable driver
48 which generates a voltage to drive a conductor of the
cable 4. A multiplexer 50 directs the channel output signals
to an appropriate microbeamformer output line 58 where
they are summed together with the receive signals of other
channels as necessary for beamforming. A sum signal ARX
is coupled to the main system over a conductor of the cable
4.

[0017] The microbeamformer can include a power on reset
circuit 60 which resets the microbeamformer to an initial
state when power is first applied to the microbeamformer. A
status register 62 accumulates status data from the channels
which is returned to the system as SCO data to inform the
main ultrasound system as to the operational status of the
microbeamformer 30.

[0018] The microbeamformer channel 32 has two trans-
mit/receive (T/R) switches T/RA and T/RB which are used
to protect the input of the TGC amplifier 42 by opening the
connections between the transducer elements and the TGC
amplifier when the transmitters 36 A and 36B are applying
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high voltage transmit signals to the transducer elements. The
T/R switches also serve to select the receive signals from the
two elements for receive processing. When T/RA is closed,
receive signals from ELEA are coupled to the TGC amplifier
42. When T/RB and RXSWB are closed, receive signals
from ELEB are couples to the TGC amplifier. When all three
of these switches are closed, signals received by both
transducer elements are coupled to the TGC amplifier. A
fourth switch, RXSWNXT, is closed to couple signals
received by ELEA and/or ELEB to the receive circuitry of
other channels, where they may be processed in combination
with signals received from other transducer elements. This
RXSWNXT switch also enables signals received on other
channels to be coupled to the input of TGC amplifier 42 for
summation and concurrent processing with signals received
by elements ELEA and/or ELEB on that channel.

[0019] FIG. 3 shows the receive signal circuitry of two
microbeamformer channels to illustrate how the signals
received by more than two transducer elements may be
combined and processed by the microbeamformer. The left
channel Ch-N is coupled to two transducer elements, eleA
and eleB. The T/R switches T/RA and T/RB are controlled
by logic gates 70 and 72 to open when the high voltage
transmitters (not shown) pulse the elements to transmit
ultrasound, and close the T/R switches after transmission
when echo signals are to be received. Either one or both of
the T/R switches may be closed to select one or both of the
elements for reception. For instance, when echoes are to be
received only from element eleA, only the T/RA switch is
closed during reception. When echoes are to be received
only from element eleB, the T/RB switch and the RXSWB,,
switch (under control of RswB logic) are closed and switch
T/RA is left open. Reception can commence with only one
element, with the second element coupled in during recep-
tion for dynamic expansion of the receive aperture as echoes
are received from deeper in the body. For reception by both
elements, all three switches are closed to couple received
signals to preamplifier Rx (e.g., the TCG amplifier 42)
which is enabled for receive signal processing by an enable
signal PreampEn. The time at which the preamplifier Rx of
the channel begins to process received signals is controlled
by the REXP logic.

[0020] A switch RXSWNXT is controlled by RswNxt
logic when it is desired to combine echo signals from eleA
and/or eleB with echo signals from other channels, or to
process their signals through preamplifiers of other chan-
nels. A continuing series of RXSWNXT switches between
channels enables echo signals of eleA and/or eleB to be
directed to any other channel of the microbeamformer. The
illustrated RXSWNXT switch can be closed to couple echo
signals from eleA and/or eleB to the preamplifier of the
second channel shown, Ch-N+1, for processing by its pre-
amplifier RXN+1 alone or in combination with echo signals
from elements eleC and eleD. So for instance, reception can
begin with echo signals from element ele A with echo signals
from eleB coupled in later, followed by the later addition of
echo signals from element eleC and then element eleD with
the closure of switch RXSWBN followed by switch
RXSWB,,,.. The initial stage of the high voltage T/R(A-D)
switches would have been closed at the beginning of receive.
Depending on the relative orientation of the elements in the
array, this operation can facilitate dynamically expanding
apertures in the azimuth direction, in elevation, or both. With
no delay applied in this process, it can be useful for
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expanding aperture in elevation where the array has a lens to
generate a receive focus in the field of view. The outputs of
the preamplifiers are coupled to summing nodes for com-
bining after time delay with other signals from other chan-
nels, such as the illustrated summing node line 58 in FIG. 2.

[0021] In certain aspect, the present disclosure describes a
beamforming architecture that can be used to operate two or
more different arrays operating at different frequencies. In
some embodiments, a first array of transducer elements can
be positioned on the same end of a probe as a second array,
and the first array can operate at higher frequencies while the
second array operates at lower frequencies. In certain
embodiments, the first array can be positioned on an oppos-
ing side of the probe as the second array which points sound
in a different direction than the first array. In some embodi-
ments, three or more arrays can be positioned at different
locations with respect to each other on a probe enclosure.
Each of the arrays in such an instance can be configured to
operate at different frequencies. For example, the first array
can operate a lower frequency than the second and third
array, and the second array can operate at a lower frequency
than the third array. This flexibility in arranging the arrays in
different positions and with different frequencies is enabled
by the microbeamformer ASIC described herein.

[0022] FIG. 4 illustrates a dual frequency probe 10 which
can be implemented using the microbeamformer of FIGS. 2
and 3. The probe 10 has two distal ends, one mounting a low
frequency array transducer 80L and the other mounting a
high frequency array transducer 80H. The arrays are coupled
to a microbeamformer ASIC 30 located on a printed circuit
board 84 in the handle of the probe. Each array is coupled
to the microbeamformer by an interposer 82 which is
coupled to the elements of an array at one end and to the
ASIC 30 at the other end. Interposers are well known in the
art as described in US patent publication no. 2008/0229835
(Davidsen et al.) and U.S. Pat. No. 8,330,332 (Weekamp et
al.) In some implementations flex circuit can also be used to
connect the transducer elements to the microbeamformer
ASIC. The clinician can press one distal end of the probe
against the skin of the patient and perform low frequency
imaging, and can simply reposition the probe to press the
other distal end against the patient to perform high fre-
quency imaging, all without the need to change probes. The
microbeamformer channels can operate both arrays simul-
taneously, using one transmitter of each channel to drive the
high frequency array 80H and the other transmitter of each
channel to drive the low frequency array 80L. Images from
both arrays can be displayed on the display screen 20, or
only images from a selected transducer can be displayed.
When the clinician presses the “Select” button on the control
panel to select one of the transducers, the T/R switches for
a particular set of elements, ie., low frequency or high
frequency elements, are closed during receive to direct echo
signals received by the selected set of elements to the system
beamformer 14, the signal processor 16, and the image
processor 18 for display of a desired image on the display
screen. Other selection approaches can be used. For
example, in some embodiments, the image processor 18 can
be used to automatically identify which array is active by
determining which array is generating an image due to being
positioned on a patient for scanning.
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[0023] An alternative probe configuration is to locate the
high and low frequency arrays side-by-side in the distal end
6 of a probe with one distal end such as probe 10 shown in
FIG. 1.

[0024] Another probe implementation of the present dis-
closure is shown in FIGS. 5a and 55, in which a central high
frequency array of elements SXT,, is driven by one trans-
mitter of a microbeamformer channel 32, and the other
transmitter of the channel drives two elevationally posi-
tioned rows of low frequency elements SXT, which are
located on either side of the central array. FIG. 5a is a
cross-sectional view through an elevational plane of the
transducer arrays showing low frequency elements SXT,
located on either side of a high frequency element SXT,,.
The rows of elements extend in the azimuth direction as
shown in FIG. 5. The high and low frequency elements are
of different shapes, sizes, and/or aspect ratios as shown in
the drawings, with the high frequency elements SXT,, being
thinner than the low frequency elements SXT, in this
example. On top of the elements are matching layers 90
which match the transducer element impedances to the
impedance of a human body. A ground plane GND overlays
the matching layers which are electrically conductive to
ground the top electrodes of the transducer elements for
patient safety. An acoustic lens of a polymeric material
overlays the ground plane. The bottom electrode of the high
frequency transducer elements is coupled a high frequency
transmitter of a microbeamformer channel by a conductor
HF ELE, and the bottom electrodes of the low frequency
transducer elements are to the low frequency transmitter of
the channel by a conductor LF ELE. This connection is made
with tungsten carbide interposers 92 which, together with
the matching layer thicknesses, equalize the height of the
transducer stack for the different size transducer elements.

[0025] The transducer elements can be coupled to an ASIC
in a variety of ways. In some embodiments, the transducer
elements can be coupled to a flex circuit behind the array
(e.g., conductors HF ELE and LF ELE), which is coupled to
a connector and a PCB housing an ASIC. In some embodi-
ments, the transducer elements can be mounted on the
microbeamformer ASIC 30 as shown in FIG. 55. In some
instances, flip-chip technology can be used in mounting the
array to the microbeamformer. The electrical connections,
which also bond the microbeamformer ASIC to the trans-
ducer stack, may be formed by solder bump bonding or with
conductive epoxy to bond pads of the ASIC.

[0026] In some embodiments, both the high and low
frequency arrays can be operated at a single transmit receive
interval to form images which take advantage of the per-
formance characteristics of the low and high frequency
arrays. Since separate transmitters are used for the low and
high frequency elements, the transmit timing of both types
of arrays can be slightly offset so that the high and low
frequency arrays are both transmit focused at the same depth
of field. Echoes received by the high frequency array can be
used to form the image in the near field, and as echoes are
received from greater depths, the low voltage RXSW
switches for the low frequency array elements can be
dynamically closed to supplement the high frequency recep-
tion with echoes from the low frequency elements, thereby
extending the depth of field of the image beyond what is
possible with the high frequency array alone. Thus, an image
which takes advantage of both high and low frequencies
during the same transmit-receive cycle can provide an image
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which exhibits good near field resolution and extended depth
of field and without any penalty in frame rate of display.

What is claimed is:

1. An ultrasound probe comprising:

a first array of transducer elements;

a second array of transducer elements; and

a microbeamformer application-specific-integrated-cir-

cuit (ASIC), located in the probe and coupled to the
first and second arrays of transducer elements, the
microbeamformer ASIC having a plurality of channels,
wherein each channel comprises a first transmitter
coupled to a transducer element of the first array, a
second transmitter coupled to a transducer element of
the second array, and a receiver selectively coupled to
the transducer element of the first array, the transducer
element of the second array, or both.

2. The ultrasound probe of claim 1, wherein the first array
comprises high frequency transducer elements and the sec-
ond array comprises low frequency transducer elements.

3. The ultrasound probe of claim 1, wherein the receiver
is selectively coupled to the transducer element of the first
array by a first transmit/receive (I/R) switch, and is selec-
tively coupled to the transducer element of the second array
by a second T/R switch.

4. The ultrasound probe of claim 3, wherein a third switch
(RXSWB) is configured to be dynamically closed during
reception of echo signals by the transducer elements.

5. The ultrasound probe of claim 4, further comprising a
fourth switch (RXSWNXT) configured to selectively couple
a receiver of one channel to a receiver of another channel of
the plurality of channels of the microbeamformer ASIC.

6. The ultrasound probe of claim 1, wherein the receiver
further comprises a TGC amplifier.

7. The ultrasound probe of claim 6, wherein the receiver
further comprises a time delay.

8. The ultrasound probe of claim 1, wherein the first and
second transmitters comprise high voltage transmitters,
respectively, and wherein the receiver comprises a low
voltage receiver.

9. The ultrasound probe of claim 3, wherein the first and
second T/R switches comprise switches configured to be
dynamically closed during reception of echo signals by the
transducer elements.

10. The ultrasound probe of claim 1, wherein the first and
second arrays of transducer elements both extend in an
azimuth direction and are located adjacent to each other in
an elevation direction.

11. The ultrasound probe of claim 10, further comprising
a third array of transducer elements extending in the azimuth
direction and located adjacent to the first array on the
opposite side as the second array,

wherein the second transmitter is coupled to a transducer

element of the third array.

12. The ultrasound probe of claim 1, wherein the first
array of transducer elements is mounted at a first distal end
of the probe; and

wherein the second array of transducer elements is

mounted at a second distal end of the probe.

13. The ultrasound probe of claim 12, wherein the first
array comprises high frequency transducer elements and the
second array comprises low frequency transducer elements.

14. The ultrasound probe of claim 4, comprising control
logic configured to selectively operate the first and second
T/R switches and the third switch (RXSWB).
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15. The ultrasound probe of claim 14, wherein the control
logic and the first and second transmitters are configured to
selectively operate in response to channel data provided by
a main ultrasound system.
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