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(57) ABSTRACT

Amethod and an instrument for ultrasound imaging using an
array of transducer elements which is connected to the
instrument with a limited number of wires, where focusing
of the transmit beam improves image signal to noise ratio

(21) Appl. No.: 10/932,871 above state of the art methods. This allows the use of higher
ultrasound frequencies providing improved image resolu-
(22) Filed: Sep. 2, 2004 tion.
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ULTRASOUND IMAGING WITH SYNTHERIC
RECEIVE APERTURE AND WIDE APERTURE,
FOCUSED TRANSMIT BEAM

FIELD OF THE INVENTION

[0001] The present invention is directed to methods of
ultrasound imaging using synthetic aperture for the receive
beam, with a wide aperture, focused transmit beam. The
methods have special applications in situations where the
aperture is an array of elements, and it is a limited number
of electrical wires available for control of the array.

[0002] An important example is medical ultrasound imag-
ing where the transducer array is mounted at the distal tip of
an elongated device for insertion into the body, for example
a catheter or an endoscope, with electric wires along the
device that connects the array to an external ultrasound
imaging instrument.

[0003] The method allows the use of a reduced number of
wires, down to a two wire cable, to connect the array at the
tip of such a device and the external imaging instrument.
This allows use of very thin elongated devices and also
reduces the cost of the device that opens for the use of
disposable devices.

DESCRIPTION OF THE RELATED ART

[0004] There exists methods and devices where switching
circuits are placed near the ultrasound transducer array, that
allows connecting the individual array elements to the
external imaging instrument in a sequence, for example as
described in U.S. Pat. No. 4,917,097. The ultrasound image
is reconstructed from the signals from the individual ele-
ments with synthetic aperture techniques known to anyone
skilled in the art.

[0005] There further is proposed methods, U.S. Pat. No.
5,186,177, where a selectable group of the elements are used
to transmit ultrasound pulses, while the signal is received
from individual elements or groups of elements, and the final
image is reconstructed with synthetic aperture and filtering
techniques known to anyone skilled in the art. In U.S. Pat.
No. 5,226,847 is disclosed a system with omni-directional
transmission of ultrasound with synthetic aperture image
construction from the received individual element signals.

SUMMARY OF THE INVENTION

[0006] For best possible resolution in the image, one
wants to use as high as possible ultrasound frequency. The
maximal ultrasound frequency is limited by the signal to
noise ratio, where imaging techniques that provides the
maximally possible signal to noise ratio hence allows the use
of the highest ultrasound frequency and hence gives the best
possible resolution.

[0007] The present invention presents a method that gives
the maximally possible receive signal to noise ratio for a
given aperture, and hence allows the use of the highest
possible frequency with the best possible resolution in the
ultrasound image.

[0008] Other objects and features of the present invention
will become apparent from the following detailed descrip-
tion considered in conjunction with the accompanying draw-
ings. It is to be understood, however, that the drawings are
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designed solely for purposes of illustration and not as a
definition of the limits of the invention, for which reference
should be made to the appended claims. It should be further
understood that the drawings are not necessarily drawn to
scale and that, unless otherwise indicated, they are merely
intended to conceptually illustrate the structures and proce-
dures described herein.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009]

[0010] FIG. 1 shows example of method for synthetic
aperture imaging using circular array;

[0011] FIGS. 2a-b, show sketch of method of focusing
and electronic control of circular array with wide transmit
aperture; and

[0012] FIG. 3 shows example of reduced number of
cables between a catheter tip and an imaging instrument by
adding electronics at the imaging tip.

In the drawings:

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

[0013] FIG. 1 shows by way of example a state of the art
method of synthetic aperture imaging with a circular array
101 from the tip of a catheter 100. The array elements 102
are via conductors 103 connected to a multiplexing circuit
104 that connects in a sequence one element to the conductor
105 that connects the element to an external imaging instru-
ment 106. The element can be selected via external address-
ing of the multiplexer, or the multiplexer address can be
changed internally in increments for each set of transmit
pulses. One side of the transducer elements has a common
ground that connects via a wire 107 to the common ground
of the instrument and the multiplexer.

[0014] The image is built up from the signal from M
neighboring elements with the known synthetic aperture
technique. Suppose the signal to noise ratio for the indi-
vidual elements is S;/N;. In the synthetic aperture process-
ing where the signal from M elements are combined coher-
ently in phase, the signal power increases by M2 to
SM=M2*S1 from the coherent summation. The noise power
increases by incoherent summation to Ny,=M*N,. The sig-
nal to noise ratio in the synthetic aperture image where M
elements are combined for each point, is therefore

Sy M ¢9)
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[0015] If the transmit pressure amplitude in an image point
is increased by a factor K, the signal power for each element
from this image point increases by a factor KZ, without any
increase in the noise power. Focusing the transmit beam
from K elements onto a point, gives such an increase of the
focal pressure amplitude by a factor K, which gives a signal
to noise ratio for scatterers in the transmit focus, where the
image is reconstructed with a synthetic aperture receive
beam for M elements of
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[0016] Hence, as signal to noise ratio increases by the
square factor K* of the number of K focused transmit
elements, the wide aperture focusing of the transmit beam
gives a strong increase in the signal to noise ratio, allowing
for an increase in the ultrasound frequency with subsequent
improvement in image resolution.

[0017] FIG. 2a gives an example embodiment according
to the invention, where 201 shows by example a circular
array with elements 202. The transmit beam is generated by
the group 203, which is for this particular example further
subdivided into a central group 204 and a group 205 of
elements of each side. To focus the transmit beam onto a
point rg, 206, the pulse from the outer group 205 of elements
is transmitted a time T, before the pulse from the central
group 204 of elements, so that the pulse from the two groups
arrive at the same time at the focal point 206. The width of
the groups is selected so narrow that the beam from each
group covers the focus well. For wider transmit apertures
one can divide the aperture into more subgroups, to obtain
so narrow width of each group that the radiation diagram
from all groups covers the focus.

[0018] According to this embodiment of the invention, as
shown in FIG. 2b, all elements of the circular array is
connected to a switching circuit 207, that connects K,
central elements of the aperture to a single wire 208, and K,
elements on each side to a second wire 209, where K=K +K,
is the total number of elements in the transmit aperture. The
two wires 208 and 209 can be connected directly to the
imaging instrument 210 so that the drive pulses with their
interdelay is generated in the imaging instrument. In addi-
tion, the active element of the receive aperture is connected
by the switching circuit 207 to the wire 211 that couples the
signal from this element to the imaging instrument 210. A
common ground of the elements and the switching circuit is
connected to the ground of the imaging instrument 210 via
the wire 212. In addition to the connecting wires that is
shown, one can typically also have wires that provide power
for the switching circuit, and address signals for the switch-
ing circuit. The switch addressing can also be transferred
from the imaging instrument via the pulsing lines 208 or
209, for example with an increment in the switch address for
each transmit pulse, or each group of transmit pulses.

[0019] Switching the active transmit aperture in a
sequence around the array in steps of one element at the
time, one will in a sequence receive back-scattered signals
from all elements with a focused transmit beam. The image
can then be reconstructed with the known synthetic aperture
receive beam forming. To increase receive signal to noise
ratio, one can also connect several e¢lements around the
center of the transmit aperture. Lateral filtering of the
received signal from several receive element groups can
then be done to improve lateral resolution in the image,
according to known techniques.

[0020] The number of wires connecting the imaging array
and the imaging instrument can be further reduced with the
system in FIG. 3, where the transmit pulse is transmitted
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from the imaging instrument over the wire 301, and for the
central group of elements the pulse is delayed an adequate
time in the circuit 302 that drives the central elements 204
of the transmit aperture via the wire 208, possibly through
a drive amplifier 303 that can be missing depending on the
electrical impedance of the central group 204 in the actual
situation. The transmit wire 301 connects directly to the
outer group of elements 205 in the transmit aperture via the
wire 209, possibly through the transmit amplifier 304 that
also can be missing, depending on the electrical impedance
of the actual transmit aperture.

[0021] The receive wire 211 could also be connected to the
wire 301 through a transmit/receive switching circuit
according to known methods, to reduce the number of wires
connecting between the imaging array and the imaging
instrument. The receive elements could also be the same as
the central group of transmit elements, where the receive
signal would also be found on 208, and connected to 301 via
a transmit receive switch according to known methods.

[0022] The length of the wires between the circuits and the
imaging instrument are substantial compared to the wave-
length at higher frequencies (above ~10 MHz), from A/4 to
several A. To avoid signal power losses in the wires and
maintain a good signal to noise ratio at the higher frequen-
cies it is advantageous to place receiver amplifiers on the
chip close to the array, so that amplified signals are trans-
mitted on the wires. To minimize the number of wires
connecting the array and the imaging instrument, it is further
advantageous to apply some beam forming electronics at the
imaging tip. Grouping a set of neighboring elements
together and moving the group along the array in steps of
one array element, is one interesting beam forming tech-
nique that has advantages in signal to noise ratio above the
single element synthetic aperture technique. It is further
interesting to apply signal delays to the element signals at
the chip for electronic focusing and direction steering of the
beam.

[0023] Thus, while there have shown and described and
pointed out fundamental novel features of the invention as
applied to a preferred embodiment thereof, it will be under-
stood that various omissions and substitutions and changes
in the form and details of the devices illustrated, and in their
operation, may be made by those skilled in the art without
departing from the spirit of the invention.

[0024] Thus, while there have shown and described and
pointed out fundamental novel features of the invention as
applied to a preferred embodiment thereof, it will be under-
stood that various omissions and substitutions and changes
in the form and details of the devices illustrated, and in their
operation, may be made by those skilled in the art without
departing from the spirit of the invention. For example, it is
expressly intended that all combinations of those elements
and/or method steps which perform substantially the same
function in substantially the same way to achieve the same
results are within the scope of the invention. Moreover, it
should be recognized that structures and/or elements and/or
method steps shown and/or described in connection with any
disclosed form or embodiment of the invention may be
incorporated in any other disclosed or described or sug-
gested form or embodiment as a general matter of design
choice. It is the intention, therefore, to be limited only as
indicated by the scope of the claims appended hereto.
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We claim:
1. A method for ultrasound imaging using an array of
transducer elements, where

said elements are each electrically connected to a switch-
ing circuit, and

in transmit mode said switching circuit connects at least
two transmit groups of elements to transmit circuits,
said transmit groups contain one or more elements
each, selectable from said elements, and

in receive mode said switching circuit connects a receive
group of elements to receive circuits, said receive group
containing one or more elements selectable from said
clements, where

said receive circuits amplify, digitize, and store the signal
received by said receive group of elements, and

said transmit circuits being able to drive each transmit
group of elements with pulses that can be time delayed
between each group so that the pulses from each of said
transmit groups forms a focused ultrasound beam with
selectable focus distance, and where

the transmit beam can be scanned laterally to the array
surface by selecting said transmit groups of elements
that are connected to said transmit circuits, and

for each selected transmit beam and focus a sequence of
K ultrasound pulses are transmitted on the selected
transmit groups, and

for said sequence of K transmit pulses said switching
circuit connects in a sequence a set of K neighboring
receive groups of elements to said receive circuits, so
that the total of said K receive groups span a receive
aperture, and

the received stored signals from said K receive groups are
combined to construct image data in a range around
said selected transmit focus along the axis of said
transmit beam, and where
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said image data for multiple selected transmit focus
distances and/or multiple selected transmit beam direc-
tions is used to form an ultrasound image

2. An ultrasound imaging method according to claim 1,
where the image reconstruction from the received signals
includes a synthetic aperture technique.

3. An ultrasound imaging method according to claim 1,
where the image reconstruction technique from the received
signals includes lateral filtering of the signals.

4. An ultrasound array according to claim 1, where the
array is curved around at the tip of an elongated device.

5. An ultrasound array according to claim 1, where the
transducer elements are made of piezoelectric films.

6. An ultrasound array according to claim 1, where the
transducer elements are made of capacitive micromachined
ultrasound transducers on silicon.

7. An ultrasound array according to claim 6, where signal
amplifiers and beam forming circuit is mounted on the same
silicon chip.

8. An instrument utilizing the method of claim 1, com-
posed of

an array of ultrasound transducer elements, and an image
reconstruction instrument, and

the elements of the transducer array being electrically
connected to a switching circuit that

in transmit mode connects at least two groups of transmit
elements to at least two drive circuits including signal
delays, the signal delays being selected so that the
transmit beam is focused onto selected points, and

in receive mode at least one element in a sequence is
connected to a receive circuit and transmitted along a
wire to the image reconstruction instrument, and stored
in the image instrument for image reconstruction
according to methods as described above.
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