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(57) ABSTRACT

A medical diagnostic ultrasound transducer system has at
least a first and a second set of transducer layers of an
element. Each set has one or more transducer layers with
independent electrical access. A transmit event through a
first set of transducer layers with broadband electrical sig-
nals generates acoustic signals containing at least two dif-
ferent frequency bands, and a receive event through a second
and different set of transducer layers receives multiple tissue
harmonic signals to generate a wide bandwidth response.
Fundamental signals can be reduced with a pulse inversion
technique through a second transmit event of inverted
pulses, a second receive event and superposition of signals
from the two receive events.
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FIG.5

SPECTRUM OF COMPOSITE IMPULSE RESPONSE FOR 500 LOAD
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MEDICAL DIAGNOSTIC ULTRASOUND
TRANSDUCER SYSTEM FOR HARMONICS

BACKGROUND

[0001] In medical diagnostic ultrasound harmonic imag-
ing, acoustic energy is transmitted at a fundamental fre-
quency. Echoes generated by propagation and/or reflections
at a harmonic of the transmitted frequency are received. For
example, a transducer generates acoustic energy in a band of
frequencies centered at 2 MHz. The same transducer is used
to receive the echo signals at a harmonic band of frequencies
centered at the second harmonic of 4 MHz. The transducer
may have a limited bandwidth, so the harmonic signals are
positioned at a high end of the bandwidth. Given this
bandwidth limitation, the received signals are generally
narrow-band and may have weaker signal strength.

BRIEF SUMMARY

[0002] By way of introduction, the preferred embodiments
described below include methods and systems for harmonic
reception with ultrasound. Transmitting at different fre-
quency bands provides wide band harmonic information for
reception. The interaction of the two transmitted frequencies
creates harmonics for reception. By using a transducer with
multiple transducer layers, different electrical accesses are
provided for the different bandwidths of transmit and recep-
tion. Wideband tissue harmonic information is received for
imaging in response to transmission at different frequency
bands.

[0003] Multiple transmit events are used in other embodi-
ments. One transmit event uses a wide band pulse, providing
acoustic energy at two or more frequency bands. For another
transmit event, acoustic energy at one or more of the
frequency bands is transmitted with the pulse or pulses
inverted relative to the other transmit event. The received
signals responsive to the two transmit events are combined.

[0004] In a first aspect, a method is provided for harmonic
reception with ultrasound. An acoustic signal having at least
first and second different frequency bands is generated in
response to a broadband electrical signal. The acoustic
signal is generated by a first set of transducer layers of an
element with at least first and second transducer layers along
a range dimension. The first set includes one or more
transducer layers. An echo signal is received at a harmonic
or harmonic interaction frequency of the first and second
frequency bands. The receiving is performed with a second
set of transducer layers where the second set is a transducer
layer or combination of layers that is different than the first
set.

[0005] In a second aspect, a method is provided for
harmonic reception with ultrasound. A first acoustic signal
having at least first and second different frequency bands is
generated in response to a broadband electrical signal. A first
echo signal is received at a harmonic or harmonic interaction
frequency of the first and second frequency bands in
response to the first acoustic signal. A second acoustic signal
having the first frequency band with reduced or none of the
second frequency band is generated. The second acoustic
signal is inverted from the first acoustic signal at the first
frequency band. A second echo signal is received in response
to the second acoustic signal. The first and second echo
signals are combined.
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[0006] In a third aspect, a system is provided for harmonic
reception with ultrasound. A transducer element has at least
two transducer layers. First and second electrical connec-
tions are provided with the transducer element. The second
electrical connection is for at least one different one of the
at least two transducer layers. The transducer is operable to
generate an acoustic signal having at least first and second
different frequency bands in response to a broadband elec-
trical signal on the first electrical connection, and to receive
an echo signal at a harmonic or harmonic interaction fre-
quency of the first and second frequency bands on the
second electrical connection.

[0007] The present invention is defined by the following
claims, and nothing in this section should be taken as a
limitation on those claims. Further aspects and advantages
of the invention are discussed below in conjunction with the
preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The components and the figures are not necessarily
to scale, emphasis instead being placed upon illustrating the
principles of the invention. Moreover, in the figures, like
reference numerals designate corresponding parts through-
out the different views.

[0009] FIG. 1 is a block diagram of one embodiment of a
system for harmonic reception with ultrasound;

[0010] FIG. 2 is a cross sectional view of one embodiment
of a transducer element for use in the system of FIG. 1;

[0011] FIG. 3 is a flow chart diagram of one embodiment
of a method for harmonic reception with ultrasound;

[0012] FIG. 4 is a graphical representation of an acoustic
signal spectral characteristic of one transducer layer in
response to a broadband pulse at transmit in one embodi-
ment;

[0013] FIG. 5 is a graphical representation of an acoustic
signal spectral characteristic of another transducer layer for
receiving; and

[0014] FIG. 6 is a flow chart diagram of another embodi-
ment of a method for harmonic reception with ultrasound.

DETAILED DESCRIPTION OF THE DRAWINGS
AND PRESENTLY PREFERRED
EMBODIMENTS

[0015] Wide band ultrasound energy may be used for
medical diagnostic ultrasound imaging. By simultaneously
transmitting at multiple center frequencies or frequency
bands, harmonics generated by the interaction of the mul-
tiple frequencies may be received for wide band imaging.

[0016] In one embodiment, a multilayer transducer is used
to provide for wideband imaging. One layer or combination
of layers generates the multiple frequencies in response to a
broadband pulse. A different layer or combination of layers
receives the echoes at the desired harmonic frequencies.
Independent electrical access to the different layers or com-
binations of layers provides for wide band reception in
response to a single transmission. The transducer is designed
to generate the multiple frequencies and wideband reception
without a need for special electrical signal wave shaping.
Fundamental signals may be reduced by pulse inversion
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through a subsequent transmit and receive events. In this
case, the information from the first and second receive
events is combined to provide the desired wide band infor-
mation. In another embodiment, a second transmit event
includes only inverted pulses for a subset of the transmitted
frequency bands. The two receive events are filtered or
otherwise manipulated to isolate information at the subset of
bands. The information from the first and second receive
events is combined to provide the desired subset band
information. Different subset band information is further
combined to provide the desired wide band information.

[0017] FIG. 1 shows a system 10 for harmonic reception
with ultrasound. The system 10 includes a transducer 12
with a plurality of elements 14, a transmit beamformer 16
and a receive beamformer 18. Additional, different or fewer
components may be provided, such as also providing an
image processor, detector, scan converter and/or display.
The system 10 is part of a medical diagnostic imaging
system and/or a probe for connection with an imaging
system.

[0018] The transmit and receive beamformers 16, 18 are
digital or analog beamformers having a plurality of chan-
nels. The channels connect directly or switchably with
respective ones or groups of elements 14 of the transducer.
Two or more system channels may be connected to each
element. Separate connections are provided for the transmit
beamformer 16 and the receiver beamformer 18 to each
element 14 in one embodiment. Alternatively, passive or
active switching is provided for independent access of the
transmit and receive beamformers 16, 18 to each element 14.

[0019] The transmit beamformer 16 includes a plurality of
waveform generators, such as pulsers, switches, memories,
analog-to-digital converters, or other now known or later
developed waveform generators. The electrical signals gen-
erated for each channel are sinusoidal, square wave, unipo-
lar, bipolar or have other shapes. Using delays, phase shift
and/or amplitude adjustment across the channels, the trans-
mit beamformer 16 focuses the acoustic energy generated in
response to application of the electrical signals along one or
more lines, in a plane wave or as a diverging broad wave
front.

[0020] The receiver beamformer 18 delays, phase shifts,
and/or amplitude adjusts the electrical signals representing
received echoes. The information is then combined to form
one or more beams representing the scanned area or volume.
The filters, amplifiers, analog-to-digital converters, proces-
sors, multipliers or other components of the receive beam-
former 18 operate on data over a desired frequency band.

[0021] The transducer 12 is a one dimensional, multi
dimensional, linear, curved, phased or other now known or
later developed type of ultrasound array of elements 14. In
one embodiment, each element 14 of the transducer 12 is a
single layer of transducer material. In another embodiment
shown in FIG. 2, the elements 14 of the transducer 12
include two or more transducer layers 20, 22, 28, a backing
block 26, one or more matching layers 24, 28, a lens or
acoustic window 30, and electrical accesses 32, 34, 36.
Additional, different or fewer components may be provided,
such as additional electrical accesses or electrodes for the
layer 28 operating as a transducer layer as well as a matching
layer. In one embodiment, the elements 14 and transducer 12
have the structure and/or connections disclosed in U.S. Pat.
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Nos. 6,409,667, 6,673,016, 5,724,976, 5,446,333 or 6,416,
478, the disclosures of which are incorporated herein by
reference.

[0022] The element 14 is of any size and shape. For
example, each element is square, triangular, rectangular,
hexagonal, polygonal or other shape. In one embodiment,
the element 14 is 170 pm wide (azimuth) and 13.5 mm in
length (elevation). Other sizes may be provided. The back-
ing block 26 is of any shape, material or size, such as being
rubber powder mixed in epoxy 20 mm thick (range). The
matching layer 24 (and/or 28) is of any shape, material or
size, such as the matching layer 24 being a high impedence
layer of epoxy with copper flake filler 220 um thick and the
layer 28 being a low impedence layer of epoxy 150 um thick.
The lens material 20 is of any shape, material or size with
or without focus, such as RTV 1 mm thick.

[0023] The transducer layers 20, 22 (and 28 in one
embodiment) are piezoelectric ceramic (PZT) blocks, piezo-
electric polymers (PVDF), piezo-polymer composites,
microelectromechanical (e.g., cMUT) or other now known
or later developed material or technology for transducing
between electrical and acoustic energies. Each layer 20, 22,
28 has the same or different size, shape, poling or material.
In one embodiment, two bottom layers 20, 22 are PZT
blocks and a top layer 28 is a composite of piezoelectric
beams and epoxy or other polymer. For example, the two
bottom transducer layers 20, 22 are 300 pm thick (range)
PZT blocks or solid PZT, and the top layer 28 is a 140 um
thick PVDF-copolymer. The top layer 28 may act as a low
impedence matching layer (e.g., 2-4 MRayls) for the bottom
two transducer layers 20, 22 (e.g., 30 MRayls). As shown,
the top layer 28 is separated from the other transducer layers
20, 22 by one or more matching layers 24. The top layer 28
is diced with the elements 14 or is an undiced sheet of
material with patterned electrodes to define the elements.
The thickness is selected to provide the desired frequency
response, such as receiving in the 6.25 to 8 MHz range of
frequencies. In another embodiment, only two transducer
layers 20, 22 are provided. In yet other embodiments, the top
layer 28 of transducer material is adjacent another trans-
ducer layer 22 with no, one or more matching layers 24
between the top layer 28 and the lens 30. The common
electrical connection between layers 28 and 22 is grounded
or connected with electrical connection 32.

[0024] The transducer 12 is operable to generate an acous-
tic signal having at least first and second different frequency
bands in response to a broadband electrical signal provided
on an electrical connection 32, 34, 36. For example, the
broadband electrical signal, such as half or one cycle square
wave or sinusoidal wave with bandwidth covering from
below 1 MHz to above 6 MHz, is applied to the top
transducer layer 22 on the electrical connection 32 while the
electrical connection 36 is grounded. Signals with a greater
or lesser bandwidth and/or higher or lower frequency range
may be used. The top transducer layer 22 based on thickness,
shape, size, material and its relative position to other layers
inside transducer along the range direction has a response
characteristic to the broadband electrical signal resulting in
two or more frequency bands. FIG. 4 shows one possible
response characteristic of a single transducer layer 22.
Alternatively, two or more layers with same or different
electrical connections 32 are used to generate the acoustic
energy with two or more frequency bands.
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[0025] As shown in FIG. 4, the frequency bands are
separated from each other, such as by a point at least 6 dB
down from peak responses of the first and second frequency
bands. FIG. 4 shows a lower frequency band centered or
with a peak at about 2 MHz and an upper frequency band
centered or with a peak at about 4.25 MHz. About 20 dB or
more reduction in response is provided between the two
frequency bands. Other response characteristics with two or
three or other number of frequency bands provided in
response to a broadband electrical signal may be provided.
In yet another embodiment, electrical waveform shaping is
provided to generate the acoustic signal with the multiple
band frequencies. Two signals at different frequencies are
substantially simultaneously generated by the element 14 for
transmission.

[0026] The transmitted acoustic energy propagates
through tissue and reflects from structures. The reflected
echoes may propagate back to the transducer 12. The
propagation and/or reflection in tissue generate harmonic
information. In one embodiment, tissue harmonics without
any added contrast agent during an imaging session (e.g. 15
minute to one hour examination of a patient with ultrasound)
are used for reception and imaging. In other embodiment,
added contrast agents, such as microbubbles, are injected
into a tissue to be scanned and produce a harmonic response.

[0027] The same element 14 receives echoes in response
to the transmission. A different combination of transducer
layers 20, 22, 28 and/or electrical connections 32, 34, 36
(possible other connections for three or more transducer
layer embodiments) are used to receive the echoes. Combi-
nations of transducer layers 20, 22, 28 including or not
including one or more layers 20, 22, 28 used for transmit
may be used to receive the echoes. The different transducer
layers 20, 22, 28 used for transmit or receive may operate
with the same or different electrical connections 32, 34, 36.

[0028] The echoes include harmonics of the transmitted
fundamental frequencies. Harmonics include subharmonics
(e.g. ¥4), fractional harmonics (e.g. 1%2) and/or integer har-
monics (e.g. the second harmonic). Harmonics also include
interaction frequencies, such as the difference and/or sum of
two or more transmitted frequencies. In the example trans-
mitting with center frequencies of 2 and 4.25 MHz, the
interaction frequencies include 2.25 MHz and 6.25 MHz.
The harmonic frequencies include 4 MHz and 8.5 MHz. The
bottom transducer layer 20 has a size, shape, thickness and
material for receiving at least one of the interaction harmon-
ics. For example, the bottom transducer layer 20 has a
spectral response for receiving from about 2.18 MHz to 5
MHz, including the second harmonic of the 2 MHz transmit
signal and the difference interaction harmonic. In the
embodiment with three transducer layers 20, 22, 28, the top
transducer layer 28 has a size, shape, thickness and material
for receiving other frequencies, such as the sum interaction
harmonic and the second harmonic of the higher transmitted
frequency band.

[0029] FIG. 5 shows a frequency response characteristic
of the bottom transducer layer 20, which is used for recep-
tion of the echoes based on the transmission of acoustic
energy represented in FIG. 4. The generally smooth and
wideband frequency response of the bottom transducer layer
20 allows for reception of multiple harmonic frequency
bands, based on the transmitted frequency bands, that may
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be sufficiently close together to form a wideband composite
receive response. For example, less than 3, 6, 10 or other dB
down value is provided between the center frequencies of
two or more harmonics (e.g., the 2.25 MHz different inter-
action harmonic and the 4 MHz second harmonic). Greater
separation may be provided between the harmonics. Since
two or more frequency bands are transmitted, a wideband
signal with two or more harmonic frequencies may be
received.

[0030] The different electrical connections 32, 34, 36 are
grounds, cables, traces, wires or other conductors. They may
also include ones or groups of discrete or integrated elec-
tronic components (e.g. multiplexers, tuning inductors,
capacitors, transformers, or preamps, etc.) in parallel or
serial connections. Each transducer layer 20, 22 is associated
with a different combination of electrodes and associated
electrical connections 32, 34, 36. For example, the top
transducer layer 22 has electrodes on the top and bottom
connected with the electrical connections 32 and 36, respec-
tively. The bottom transducer layer 20 has electrodes on the
top and bottom connected with the electrical connections 36
and 34, respectively. A different electrical connection 32, 34,
36 are provided for each of the transducer layers 20, 22 or
for each of at least two different combinations of transducer
layers 20, 22.

[0031] The different electrical connections 32, 34, 36
provide independent electrical access from the transmit
beamformer 16 and/or the receive beamformer 18 for each
combination of transducer layers 20, 22, allowing indepen-
dent access for transmit and receive operation. Each element
14 may be wired to multiple system channels, or switching
electronics may be positioned at each element 14 to direct
transmit and receive signals from the appropriate piezoelec-
tric layer 20, 22, 28 to the system 10. In embodiments with
three or more transducer layers 20, 22, 28, other independent
electrical connections may be provided and the signals later
combined for more wideband operation. Alternatively, two
or more layers are electrically connected together with a
common electrical connection, such as the bottom and top
transducer layers 20, 28 for receiving wideband signals on
a same electrical connection.

[0032] InFIG.2, one electrical connection 36 is grounded.
A permanent ground or a switchable ground may be pro-
vided. In alternative embodiments, the electrical connection
36 switches between operations for transmit and receive. For
transmit, a different electrode may be grounded and the
electrical connection 36 used for the transmit electrical
signal. For receive, a different electrode may be ground and
the electrical connection 36 used for receive signals, but still
independently of the transmit operation. The electrical con-
nections 32, 34, 36 allow switching between different layers
or combinations of layers for transmit and receive operation.

[0033] FIG. 3 shows one embodiment of a method for
harmonic reception with ultrasound. The method uses the
system 10 of FIG. 1, the element 14 of FIG. 2 or different
systems or elements. Additional, different or fewer acts may
be provided than shown in FIG. 3. For example, the method
is provided with the combining act 46.

[0034] In act 40, electrical signals are applied to elements
of a transducer. The electrical signals are broadband signals,
such as square waves generated by a switching network or
pulsers. Alternatively, the electrical signals are wave shaped
to include information at multiple frequency bands.
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[0035] In act 42, an acoustic signal is generated in
response to the broadband or other input electrical signal. A
transducer, such as a transducer layer of multiple layer
elements, converts the applied electrical signals into acous-
tic energy. A set of transducer layers converts the electrical
signal into an acoustical signal. The set is one or more
transducer layers. For example in the element 14 shown in
FIG. 2, one layer only, such as the top or middle layer 22,
converts the electrical signal into acoustical energy, and the
other layers, such as the bottom layer 20 and/or the top layer
28 are not used for transmit operation.

[0036] The conversion from electrical energy to acoustic
energy filters the input waveform in one embodiment. For
example, the broadband waveform is filtered to provide
acoustic energy at two or more different frequency bands.
One frequency band is separated from another frequency
band by an at least 6 dB, at least 10 dB or at least 20 dB
down point from corresponding peak responses of the fre-
quency bands. Greater or lesser separation in magnitude
may be provided. The separation in frequency may be small
(e.g., about 10-20 percent of the center frequency of the
lowest frequency band), large (e.g., at least about 100
percent of the center frequency of the lowest frequency
band), or other value. As shown in FIG. 4, two frequency
bands with lower and higher center frequencies are pro-
vided, such as one center of the lower frequency band within
1-4 MHz and another center of the higher frequency band
within 2-8 MHz.

[0037] In act 44, echo signals are received. The receiving
is performed with a different set of transducer layers than
used for transmission in act 42. For example using the
element 14 of FIG. 2, the different set is the bottom layer 20
or both the bottom and top layers 20 and 28. One or more
transducer layers receive the echo signals, but not at least
one transducer layer used for transmission. The acoustic
energy may cause all of the layers to generate electrical
signals, but only one or a combination of layers in the
receive set are used to receive or process the electrical
signals. The other layers are grounded or not connected for
receiving the electrical energy.

[0038] The received echo signals and corresponding
received electrical signals include wideband information,
such as multiple harmonics of the transmitted frequency
bands. The harmonics may include one or more interaction
harmonic frequencies of the transmitted frequency bands.
Wideband may include other harmonics, such as signals
with difference, sum, second harmonic and combinations
thereof. For example, the received electrical signals include
the difference interaction frequency and/or the second har-
monic of the lowest transmitted frequency band from one
transducer layer. As another example, the received electrical
signals include a sum interaction frequency and/or the
second harmonic of the highest transmitted frequency band
on a different or the same transducer layer. As yet another
example, the received electrical signals include both second
harmonics, the sum interaction and the difference interaction
frequencies from one or more transducer layers.

[0039] The echo signals are free of response from any
added contrast agents throughout an imaging session in one
embodiment. In other embodiments, the echo signals include
harmonic response from contrast agents.

[0040] Acts 40, 42, and 44 are repeated. For example, the
acts are repeated to scan along different scan lines. As
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another example, the acts are repeated along a same or
similar scan line, but with a different polarity of the trans-
mitted acoustic signals. Different transmit and receive
events are provided. Using different polarity, phase, ampli-
tude or combinations thereof for the different events may
allow for selective cancellation of fundamental or harmonic
frequencies by combining information in act 46. By revers-
ing the polarity between transmit events, the summation of
the received signals cancels or reduces odd harmonic com-
ponents, including the fundamental information, more likely
emphasizing the interaction harmonics and even harmonics.

[0041] FIG. 6 shows a different embodiment of a method
for harmonic reception with ultrasound. The method uses the
system 10 of FIG. 1, the element 14 of FIG. 2 or different
systems or elements.

[0042] In act 50, an acoustic signal having at least first and
second different frequency bands is generated in response to
a broadband electrical signal, such as described for act 42.
A broadband or other electrical signal is applied to a
transducer layer or combination of transducer layers. Alter-
natively, a single layer element is used.

[0043] In act 52, an echo signal is received at a harmonic
and/or harmonic interaction frequency of the transmitted
frequency bands in response to the transmitted acoustic
signal. The same or different layer, combination of layers or
single layer is used to convert the echo into an electrical
signal.

[0044] In act 54, another or subsequent acoustic signal
having the one frequency band with reduced or none of
another frequency band as compared to the acoustic signal
of act 50 is generated. The polarity or phase of the subse-
quent acoustic signal is inverted or shifted as compared to
the acoustic signal of act 50. In alternative embodiments, act
54 is performed prior to act 50. The frequency band used for
act 54 is the frequency band with the higher or lower center
frequency. Where more than three frequency bands are used,
any subset of frequency bands are provided in act 54.

[0045] In act 56, an echo signal is receive in response to
the acoustic signal of act 54. The received echo and corre-
sponding electrical signal include the fundamental and any
harmonic information, with or without interaction harmon-
ics. The same or different layer, combination of layers or
single layer from act 54 is used to convert the echo into an
electrical signal.

[0046] In act 58, the electrical signals received in acts 52
and 56 are combined. A summation, difference, weighted
combination or other combination function is used. The
combination cancels the fundamental or other selected har-
monics of the frequency band used in both of acts 50 and 54,
resulting in wideband information that includes interaction
harmonics and other harmonics.

[0047] While the invention has been described above by
reference to various embodiments, it should be understood
that many changes and modifications can be made without
departing from the scope of the invention. It is therefore
intended that the foregoing detailed description be regarded
as illustrative rather than limiting, and that it be understood
that it is the following claims, including all equivalents, that
are intended to define the spirit and scope of this invention.
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I (we) claim:
1. A method for harmonic reception with ultrasound, the
method comprising:

generating an acoustic signal having at least first and
second different frequency bands in response to a
broadband electrical signal, the acoustic signal gener-
ated-by a first set of transducer layers of an element
having at least first and second transducer layers along
a range dimension, the first set being one or more
transducer layers; and

receiving an electrical signal at a harmonic or harmonic
interaction frequency of the first and second frequency
bands, the receiving being performed with a second set
of transducer layers, the second set being one or more
transducer layers and different than the first set.

2. The method of claim 1 wherein generating comprises
generating the acoustic signal with the first frequency band
separated from the second frequency band by an at least 6
dB down point from first and second peak responses of the
first and second frequency bands, respectively.

3. The method of claim 2 wherein the at least 6 dB down
is at least 20 dB down.

4. The method of claim 1 wherein generating comprises
applying the broadband electrical signal to the first trans-
ducer layer and not the second transducer layer, and wherein
receiving comprises receiving with the second transducer
layer and not the first transducer layer.

5. The method of claim 1 wherein a first center of the first
frequency band is within 1-4 MHz and a second center of the
second frequency band is within 2-8 MHz, the second center
being greater than the first center.

6. The method of claim 1 wherein a first center of the first
frequency band is lower than a second center of the second
frequency band; and

wherein receiving comprises receiving the echo at a
difference of the first center from the second center
frequency and two times the first center frequency.

7. The method of claim 6 wherein receiving comprises
also receiving at a sum of the first and second center
frequencies or two times the second center frequency.

8. The method of claim 1 wherein generating and receiv-
ing comprise a first event;

further comprising:

repeating the generating and receiving in a second
event, the acoustic signal of the second event having
a different polarity than for the first event; and

summing the received electrical signal for the first
event with the electrical signal for the second event.

9. The method of claim 1 wherein the first transducer layer
comprises a first piezoelectric block and the second trans-
ducer layer comprises a second piezoelectric block, the first
transducer layer being a top layer closer to a transmit face;

further comprising a third transducer layer along the range
dimension, the third transducer layer comprising a
PVDF-copolymer;

wherein receiving comprises:

receiving, with the second transducer layer, at twice the
first frequency band, the difference of the first and
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second frequency bands, or both twice the first
frequency band and the difference of the first and
second frequency bands,

receiving, with the third transducer layer, at a sum of
the first and second frequency bands, twice the
second frequency band or both the sum of the first
and second frequency bands and twice the second
frequency band, or

receiving with both the second and third transducer
layers.

10. The method of claim 1 wherein receiving comprises
receiving the echo signal free of response from any added
contrast agents throughout an imaging session.

11. A method for harmonic reception with ultrasound, the
method comprising:

generating a first acoustic signal having at least first and
second different frequency bands in response to a
broadband electrical signal;

receiving a first electrical signal at a harmonic or har-
monic interaction frequency of the first and second
frequency bands in response to the first acoustic signal;

generating a second acoustic signal having the first fre-
quency band with reduced or none of the second
frequency band, the second acoustic signal being
inverted from the first acoustic signal at the first fre-
quency band,;

receiving a second electrical signal in response to the
second acoustic signal; and

combining the first and second electrical signals.

12. The method of claim 11 wherein generating the first
acoustic signal comprises applying the broadband electrical
signal to a first transducer layer of an element having at least
the first and a second transducer layers along a range
dimension, and wherein receiving the first electrical signal
comprises receiving with the second transducer layer.

13. The method of claim 11 wherein the first frequency
band has a higher center frequency than the second fre-
quency band.

14. The method of claim 11 wherein the second frequency
band has a higher center frequency than the first frequency
band.

15. A system for harmonic reception with ultrasound, the
system comprising:

a transducer element having at least two transducer layers;
a first electrical connection with the transducer element;

a second electrical connection with the transducer ele-
ment, the second electrical connection being for at least
one different one of the at least two transducer layers;

the transducer operable to generate an acoustic signal

having at least first and second different frequency

bands in response to a broadband electrical signal on

the first electrical connection, and to receive an echo

signal at a harmonic or harmonic interaction frequency

of the first and second frequency bands on the second
electrical connection.

16. The system of claim 15 wherein the first electrical

connection is with a top transducer layer of the transducer
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element and the top transducer layer has a response char-
acteristic to the broadband electrical signal with the first
frequency band separated from the second frequency band
by an at least 6 dB down point from first and second peak
responses of the first and second frequency bands, respec-
tively.

17. The system of claim 15 wherein a first center of the
first frequency band is lower than a second center of the
second frequency band, and wherein the harmonic interac-
tion frequency comprises a difference of the first center from
the second center frequency.

18. The system of claim 17 wherein the harmonic inter-
action frequency comprises a sum of the first and second
center frequencies.

19. The system of claim 15 wherein first and second
transducer layers of the at least two transducer layers com-
prise first and second piezoelectric blocks, respectively, and
a third transducer layer of the at least two transducer layers
comprises a piezo-polymer composite or PVDF;
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wherein the first electrical connection is with the first
transducer layer and the second electrical connection is
with the second transducer layer;

further comprising:

a third electrical connection with the third transducer
layer, the third transducer layer operable to receive at a
sum of the first and second frequency bands and the
second transducer layer operable to receive at a differ-
ence of the first and second frequency bands.

20. The method of claim 1 wherein receiving at the
harmonic or harmonic interaction frequency of the first and
second frequency bands comprises receiving at the harmonic
interaction frequency.

21. The method of claim 11 wherein receiving at the
harmonic or harmonic interaction frequency of the first and
second frequency bands comprises receiving at the harmonic
interaction frequency.
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