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array (36). The elements transmit and receive acoustic conducting paths (46) in the absorbing layer (34).

energy. The piezoelectric layer (36) is supported by a
sound absorbing layer (34) which, in turn, is supported
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Description

This invention relates to acoustic imaging arrays.

It is well known to use a row of acoustic elements in
an acoustic imaging system. These are in the form of a
one-dimensional (1D) array such as a series of individ-
ual elements spaced along a line. Conventionally the
acoustic elements are formed from a piezoelectric
material. The elements generate an acoustic signal
which propagates through a medium and is reflected by
an object in the medium which is to be detected. Signals
reflected by the object are detected by the elements and
electrical signals are generated which can then be proc-
essed. An acoustic imaging system using a 1D array is
used in ultrasound imaging to provide internal images of
the human body or to image underwater objects. A two-
dimensional (2D) image is generated by physically
sweeping the 1D array over the region to be imaged.

It has been proposed to use 2D arrays to generate
2D images. A 2D array may be a plurality of individual
elements arranged in a grid. Compared with a 1D array,
a 2D array provides improved resolution and better
quality image and also eliminates the need for physical
focussing or sweeping. However, the use of 2D arrays
has been limited by the difficulty in processing large
amounts of data which would be generated by an array
of any useful size, for example 10,000 elements in a
array of 100x100. Furthermore, it is difficult to make
connections to such a large number of elements on a
scale of several centimetres squared.

Although the difficulties in data processing can now
be tackled by using high power computers having faster
processing speeds it does not deal with the problem of
the large number of connections. The connections and
associated connecting tracks are supported by an inter-
connect layer. However, the interconnect layer often has
an acoustic impedance which differs to that of the ele-
ments and acoustic reflections are caused by the mis-
match. Although reflections can be minimised by using
materials having a better match of acoustic impedance,
problems are encountered as the number of elements in
an array is increased. As the number of elements in the
array increases the thickness of the interconnect layer
must also be increased which increases the amount of
acoustic reflections. This degrades the sensitivity of the
system.

Another problem is cross coupling between ele-
ments in the array. This becomes more severe as the
scale of the array is reduced and the element are closer
together.

It is an object of the present invention to alleviate
some of the problems discussed in the foregoing.

According to a first aspect the invention provides an
assembly for an acoustic imaging system comprising an
array of elements for receiving acoustic energy and con-
verting the energy into electrical signals, a track layer
having a plurality of electrically conductive tracks and an
absorbing layer for absorbing acoustic energy in which
the absorbing layer is disposed between the array and
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the track layer and comprises a plurality of electrically
conducting paths electrically connecting at least one
element to at least one track.

Preferably the elements also generate acoustic
energy. Preferably the acoustic energy is in the range
0.1 to 20 MHz.

Preferably the elements comprise piezoelectric
material. Most preferably the piezoelectric material is
ceramic. It may be lead zirconate titanate (PZT). The
array may comprise a 1-3 composite of elongate mem-
bers of piezoelectric material embedded in a matrix.
Preferably the matrix is a polymer material, for example
€poxy resin.

An advantage of using a filled matrix is that an ele-
ment may comprise a plurality of elongate members.
Therefore, the size (particularly the width) of the elon-
gate members can be much smaller than the usual size
of an element. If the elongate members are reduced to
a size much smaller than the wavelength of acoustic
waves generated and/or detected by the system, acous-
tic coupling between the members is reduced. Embed-
ding the elongate members in a matrix means that they
can be smaller, that is more fragile, because they are
supported. In addition the matrix filler reduces cross-
coupling and also reduces acoustic impedance of the
array of elements. This avoids the need to use addi-
tional techniques to reduce cross-coupling, for example
supporting individual elements on a diced backing layer.

Preferably a plurality of elongate members are in
electrical contact with each electrically conducting path.
The size and shape of the cross section of an electri-
cally conducting path can be chosen to define a partic-
ular group of elongate members as an individual
element. The elements may be all identical or may dif-
fer, for example for different purposes. In one embodi-
ment one element comprises nine elongate members.

Preferably the array comprises a plurality of sub-
arrays. In one embodiment a sub-array comprises 100
elements. Preferably outputs from elements of a sub-
array are fanned down onto a readout chip. Outputs
from a plurality of readout chips, each connected to a
sub-array, may be multiplexed together to provide an
overall array output.

The sub-arrays may be designed to transmit and/or
receive at different operating frequencies so that the
total array may have multi-frequency characteristics.

Preferably the absorbing layer comprises a polymer
having conducting paths in a matrix. The matrix and/or
the paths may be loaded to provide suitable properties,
for example conductivity and absorption of acoustic
energy.

Preferably a common electrode is in electrical con-
tact with a front face of the array. Preferably groups of
elongate members are connected to a respective con-
tact pad at a rear face of the array. The contact pads
may have shapes to define the shapes of the elements.

Preferably the common electrode supports a quar-
ter wave matching layer which is matched acoustically
to minimise reflections of acoustic waves. The acoustic
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impedance of the matching layer preferably will be
between that of the medium, for example water, and that
of the piezoelectric material.

The array may be shaped to provide quasi-optical
effects, for example focussing.

The array may be a linear 1D array or a 2D array.

According to a second aspect the invention pro-
vides an acoustic imaging system comprising an
assembly according to the first aspect of the invention
and signal processing means for processing the electri-
cal signals to generate an image.

An embodiment of the invention will now be
described, by way of example only, in which:

Figure 1 shows a perspective view of a known
array;

Figure 2 shows a perspective view of an array
according to the invention;

Figure 3 shows a cross-sectional elevational view
through a sub-array; and

Figure 4 shows a view from underneath an inter-
connect layer.

Figure 1 shows a known 2D acoustic imaging array
10 comprising a backing layer 12, an interconnect layer
14, an array of acoustic elements 16, a common elec-
trode 18 and matching elements 20 located in positions
which correspond to the acoustic elements 16.

The acoustic elements 16 comprise a piezoelectric
ceramic material such as lead zirconate titanate. They
are formed by dicing of a bulk piece of piezoelectric
material. Electrical connections are formed on upper
and lower faces of the elements to, respectively, the
common electrode 18 and contact pads 22 on the inter-
connect layer 14.

The interconnect layer 14 contains a number of
metal tracks 24 each of which terminates in one of the
contact pads 22. Although in Figure 1 the tracks are
shown, conventionally they are contained within the
body of the interconnect layer 14. This may be formed
by any convenient route such as sintering and firing
ceramic tape. Alternatively, it may comprise layers of a
polyimide material.

The backing layer 12 is a sound absorbent material
and may be an epoxy resin. The purpose of the backing
layer 12 is to absorb any sound waves which travel
through the interconnect layer 14 to prevent sound
being reflected back to the elements from underneath. It
comprises an array of rods 26 which are formed by dic-
ing of a bulk piece of epoxy resin. The rods 26 all stand
on, and are integrally part of, a base or substrate (not
shown).

The backing layer 12 is formed as a rod-like struc-
ture in order to isolate acoustically elements 16 from
each other to prevent cross coupling and thus degrade
sensitivity. As can be seen in Figure 1 the backing layer
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12 has a large number of air gaps. Furthermore it is
constructed such that one matching element 20, one
element 16, one contact pad 22 and one rod 26 are all
in register in a single stack. This configuration of provid-
ing separate stacks for each acoustic element 16 is nec-
essary in order to avoid cross-coupling between
adjacent elements 16. Providing isolated rods 26 over-
comes the problem of cross coupling to some extent,
but further problems are created by the rod-like struc-
ture having air gaps. If the array 10 is to be used under-
water, water pressure can damage the rod-like
structure.

A 2D acoustic imaging array 30 according to the
invention is shown in Figure 2. It comprises an intercon-
nect layer 32 carrying a backing layer 34 onto which is
located a piezoelectric layer 36. Acommon electrode 38
is present on an upper face 40 of the piezoelectric layer
36. A matching layer 42 is present on an upper face 44
of the common electrode 28.

The piezoelectric layer 36 is in the form of a 1-3
composite. This is formed by dicing a sheet of piezoe-
lectric material into elongate members 45 and then
backfilling with a filler which forms a matrix supporting
the piezoelectric elongate members. The piezoelectric
material is a ceramic such as lead zirconate titanate
(PZT). The matrix is a polymer such as epoxy resin. It
provides rigidity to the piezoelectric material for ease of
handling during manufacture and ruggedness in use. In
comparison with the known array the array 30 is more
pressure resistant which is useful in underwater appli-
cations where pressure is to be resisted. Furthermore, it
reduces cross-coupling between adjacent acoustic ele-
ments in the piezoelectric layer 34 and reduces the
overall acoustic impedance of the layer. As a result, the
matching layer 42 can be an integral layer rather than a
plurality of matching elements.

The backing layer 34 has also been formed by dic-
ing of a bulk material and backfilling. In this case it
results in an epoxy resin structure having tungsten
loaded conductive paths 46 in a matrix of non-loaded
insulator 48.

The piezoelectric layer 36 is in contact with the
backing layer 34. It is important that this contact estab-
lishes good electrical contact between the elongate
members 45 and the conductive paths 46 and so con-
tact elements (not shown) are located on the back of the
piezoelectric layer 36. Since this layer is in bulk rather
than as discrete elements in the known array 10, it
means that contact elements of any desired shape can
be printed on the back of the layer to connect to (and
activate) any desired shape of elongate members 45 to
define individual elements. This is not possible in the
known array 10 since the elements are separated by air
gaps and are thus discrete.

As mentioned in the foregoing, at one end the con-
ductive paths 46 are electrically connected to the piezo-
electric layer 36. If the contact elements were the same
size and shape as the ends of the conductive paths 46,
the ends as seen in Figure 2 would define the elongate



5 EP 0 779 108 A2 6

members 45 which comprise an individual element. At
another end the conductive paths 46 are electrically
connected to contact pads 50 on the interconnect layer.
By separating the interconnect layer from the piezoelec-
tric layer 36 by the backing layer, the thickness of the
interconnect layer is much less important because little,
if any, sound energy will reach it and so reflections will
be less significant. In any case, reflections of sound
energy will have to travel back through the backing layer
34 in order to be detected. Furthermore, electronics for
controlling operation of the acoustic elements may be
integrated directly on to the interconnect layer (either in
it or underneath it) rather than being located remote
from the array as in the known array 10. This gives
improved performance as well as weight reduction since
the track lengths between the piezoelectric layer and
the electronics can be minimised.

In one embodiment a number of acoustic elements
are grouped into sub-arrays. Figure 3 shows such a
sub-array 60 having a backing layer 62 supported on an
interconnect layer 64. The figure does not show a piezo-
electric layer although, of course, one would be present
in a practical embodiment. Tracks 66 running through
the interconnect layer connect conductive paths 68 in
the backing layer to contacts 70 on a transmit/readout
chip 72. The readout chip 72 also carries contacts for
input of power and control and output of data. The rea-
dout chip 72 may be mounted by a flip-chip solder bond-
ing technique onto the back of the interconnect layer 66.
Outputs from the sub-array 60 are connected to the rea-
dout chip 72 by fanning down the outputs onto the chip
72. The chip 72 may have 10x10 contacts for a sub-
array of 10x10 elements and may be a few millimetres
square compared with several centimetres square for a
100x100 array. Signals from the sub-array 60 (which
represent a small part of an image detected by the
entire array) are multiplexed in a separate multiplexer
chip with signals from other sub-arrays to group
together outputs of the elements in the entire array, for
example 10,000, into a more manageable 100 outputs
from 100 chips. This arrangement showing the chips 72
bonded to the back of the interconnect layer 64 is shown
in Figure 4. A second interconnect layer connects to a
main multiplexer which multiplexes together the outputs
from all of the chips 72. The main multiplexer is bonded
to the interconnect layer 64. Power is supplied to the
chip along line 74 and timing and data outputs are taken
from lines 76. Data is supplied by lines 76 to a data
processor which can generate images.

Typical array dimensions are 1mm< elements
arranged at a pitch of 1.75mm. The dimensions depend
on the operating frequency and required resolution and
these values would be suitable for operation at 3MHz.
Operation in the frequency range 0.1 to 20MHz is envis-
aged. The thickness of the backing layer would be about
10mm. The invention would be suitable for fabricating
an array of 100x100 although larger arrays are possible,
especially when using a modular system having sub-
arrays.

2

10

15

20

25

30

35

40

45

50

55

This embodiment can be used to steer a transmit-
ted beam of acoustic energy. This may be achieved by
transmitting a sonic beam which is steered by phasing
the array in during transmission. The transmitted beam
would be pulsed. An image may then be formed from
signals received by the array.

To assist in imaging the system may comprise
external acoustic imaging lenses. Alternatively, the
array, backing material and/or interconnect layer may be
shaped to provide self-focussing.

The invention is particularly suitable for imaging in
liquid. It could have civil or other applications and could
be used for imaging in unclear water such as in a diver's
helmet in conjunction with a head-up display or in a sub-
mersible vehicle for guidance or imaging systems. Alter-
natively, it could be used in a medical imaging system or
for non-destructive testing of structures such as solids.
Essentially the system may be used in any application
to detect differences in acoustic impedances.

Claims

1. An assembly for an acoustic imaging system com-
prising an array (30) of elements for receiving
acoustic energy and converting the energy into
electrical signals, a track layer (32) having a plural-
ity of electrically conductive tracks and an absorb-
ing layer (34) for absorbing acoustic energy
characterised in that the absorbing layer (34) is dis-
posed between the array (30) and the track layer
(32) and comprises a plurality of electrically con-
ducting paths (46) electrically connecting at least
one element to at least one track.

2. An assembly according to claim 1 characterised in
that the elements also generate acoustic energy.

3. An assembly according to claim 1 or claim 2 char-
acterised in that the elements comprise piezoelec-
tric material.

4. An assembly according to any preceding claim
characterised in that the absorbing layer (34) com-
prises a polymer having conducting paths (46) in a
matrix (48).

5. An assembly according to any preceding claim
characterised in that an element comprises a plu-
rality of elongate members (45).

6. An assembly according to claim 5 characterised in
that the plurality of elongate members (45) are con-
nected to a respective contact pad at a rear face of
the array.

7. An assembly according to claim 6 characterised in
that the shape of the contact pad defines the shape
of the element.
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An assembly according to any preceding claim
characterised in that the array (30) comprises a plu-
rality of sub-arrays (60).

An assembly according to claim 8 characterised in
that outputs from a plurality of readout chips (72)
are multiplexed together to provide an overall array
output.

An acoustic imaging system comprising an assem-
bly according to any preceding claim and signal
processing means for processing the electrical sig-
nals to generate an image.
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