
An Ultrasonic Transducer Array and A Method for Making
A Transducer Array  Field of the Invention The present
invention relates to a transducer array suitable for
generating 5 sounds in an ultrasonic frequency range
(an "Ultrasonic Transducer Array"), and  to a method
of making it. The transducer array includes transducer
elements  including piezoelectric material, such as
PZT. Background of the Invention 10 It is well know in
the art to use piezoelectric devices as ultrasonic
transducers.  For example ceramic-based piezoelectric
lead zircornate titanate (PZT) is used in
commercially available ultrasonic transducers. Fig. I
illustrates a typical prior art  PZT ultrasonic
transducer, including a two-layer transducer element
10 with a  poled PZT sheet 11 bonded with a metal
sheet 12. 15 The transducer element 10 is fixed by
silicone adhesive 14 on a ceramic  support 13 within a
case 18. A pair of pins 15 are electrically connected
to the  PZT layer 11 and are fixed in place though the
ceramic support 13 by an  adhesive 16. The transducer
element 10 is deflected when an external voltage is
supplied though the pins 15. This provides larger
displacements around the 20 centre of the element. In
order to intensify the transducer-to-air coupling
efficiency, a lightweight cone  17 is attached to the
centre of the transducer element 10. A number of sound
emission holes 19 are provided in the case 18, in
front of the cone 17. This  device is good for many
applications, but its parametric ability and maximum
25 sound pressure level are limited due to its size.
When applied to a parametric audio system, such
elements may be used in an  array form using many
elements for effective parametric conversion. Fig. 2
is an  example of an ultrasonic transducer array
employing this type of commercial PZT  transducer
elements for a parametric speaker. Four elements are
displayed, all 30 attached to one support frame 21
through pins 15. Electrical wiring is provided so
that all the transducers 10 are connected in series,
so they all respond equally 



2  and concurrently to an applied voltage. Building
the ultrasonic transducer array in  such a way is
straightforward, but unfortunately there exist a few
important  technical problems. Firstly, it is
difficult to align all the transducer elements.
Ideally the central axis  5 (line c-c' in Fig. 2) in
each element would be perfectly perpendicular to the
support frame 21 and all the elements would be at the
same level. However since  there are non-uniform
adhesion points 16 sandwiched between the transducer's
ceramic plate 13 and the support frame 21 this is
highly difficult to achieve in  practice. As a result,
each transducer element has a slightly different phase
10 which limits the overall performance. Secondly, the
case 18 or even the ceramic plate 13 of each
transducer  occupies substantial space, making it more
difficult to provide a thin and compact  array
aperture for mobile device applications. Furthermore,
the case 18 tends to  increase the centre-to-centre
distance between adjacent transducer elements, 15
which is not conducive to suppressing the side-lobes
of the transmitted ultrasonic  wave. Thirdly, placing
commercial transducers onto a support frame one by one
to  form an array, and electrically connecting them
one by one, limit  manufacturability and decrease both
uniformity and repeatability. 20 Summary of the
Invention The present invention aims to provide a new
and useful ultrasonic transducer  array, and a method
for making it. 25 In a first expression of the
invention, a PZT ultrasonic transducer array is
provided comprising: (a) a conductive back plate; (b)
a conductive front plate having openings; 



(c) a plurality of piezoelectric vibrator elements
located in an array between  30 the plates, the
vibrator elements each including a piezoelectric
element, each  vibrator element having two portions in
electrical contact with the respective 3  plates.
Thus, since each vibrator is provided with electrical
contact to the two  plates, the plates may function as
the respective terminals of the transducer  array,
without requiring an additional step, carried out
individually for each  5 transducer, of forming
electrodes to contact the vibrators. Each vibrator may
be provided as a two-layer vibrator in which one-layer
is  made of a metal membrane and is bonded to a
piezoelectric layer, such as a PZT  wafer. Each
vibrator may be bonded at the position of its nodal
line onto the back  10 plate. Conveniently, the back
plate may have a series of ring-shaped protrusion
supports. The center of each support is aligned along
the same axis as that of  the corresponding two-layer
vibrator. Under the vibrator is a back cavity. The
front sheet may have a series of emission holes and
protrusions. It  15 may be attached to the back metal
sheet and touch all the vibrators at the  position of
their nodal lines. A lightweight cone is attached to
the centre of the vibrator as a resonator  to
intensify the transducer-to-air coupling efficiency.
This cone may have a  conical or frusto-conical shape.
Note that the term "conical" is used here to 20
include also trumpet-like shapes, in which the
diameter of the cone does not  increase linearly with
the axial distance along it; furthermore, it is used
to include  shapes which do not have circular axial
symmetry, such as shapes in which at  each axial
position the cone is an ellipse. In a second
expression, the invention provides a method for
producing a  25 transducer array, the method
comprising: 



(a) bonding a conductive back plate to a plurality of
piezoelectric vibrator  elements located in an array,
the vibrator elements each including a piezoelectric
element, the piezoelectric elements having a first
portion in electrical contact with  the back plate; 4
(b) attaching a conductive front plate to the
conductive back plate, each vibrator element having a
second portion in electrical contact with the
conductive  front plate. Note that the first of these
steps may be performed as a single step, in  5 which
the vibrator elements are attached to the back plate
substantially  simultaneously. Thus, the fabrication
process can more easily be carried out as a  batch
process. This has the advantages of making possible a
low manufacturing  cost and high performance, since
the manufacturing tolerances of the individual
transducers are reduced. 10 Brief Description of the
drawings Embodiments of the invention will now be
described, for the sake of example  only, with
reference to the accompanying drawings in which: 15
Fig. 1 shows a prior art commercial PZT ultrasonic
transducer element.  Fig. 2 shows a prior art array
structure employing the commercial PZT  ultrasonic
transducer elements of Fig. 1. Fig. 3, which is
composed of Fig. 3(a). Fig. 3(b) and Fig. 3(c), is an
illustration of an ultrasonic transducer array which
is an embodiment of the  20 present invention,
illustrated in plan view (Fig. 3(a)), perspective view
(Fig.  3(b)), and cross-sectional view (Fig. 3(c)).
Fig. 4 is an exploded view of the embodiment of Fig.
3. Fig. 5, which is composed of Figs. 5(a) and 5(b),
illustrates a back metal  sheet of the embodiment of
Fig. 3. 25 Fig. 6, which is composed of Figs. 6(a) and
6(b), is an illustration of a front  



metal sheet of the embodiment of Fig. 3. Fig. 7 is a
flow-chart of the steps of a batch process for making
the  embodiment of Fig. 3. Fig. 8, which is composed
of Figs. 8(a) and 8(b), is an illustration of an  30
aligning mask used in the process of Fig. 7. 5
Detailed Description of the Embodiments Fig. 3 shows a
PZT ultrasonic transducer array 3 which is an
embodiment of the  present invention. It is shown in a
plan view in Fig. 3(a) and in a perspective view  5 in
Fig. 3(b). Fig. 3(c) is a cross-sectional view, in the
plane shown by the line A-A of Fig. 3(a). The array 3
comprises a 5x5 array of transducer elements 4 (in
other embodiments other types of array are possible).
Each element 4 includes a two-layer vibrator unit 31,
and a resonator 34 in  the form of a lightweight cone.
The structure of the vibrator unit 31 is shown in  10
Fig. 4. The vibrator unit 31 includes one planar
circular layer which is a metal membrane 311, and
another planar circular layer which is a PZT wafer
312. The  set of 25 resonators 34 (each of which is
part of a respective one of the 25  transducers) can
collectively be considered as a layer 41. Similarly,
the set of 25  metal membranes 311 collectively form a
non-contiguous layer 42, and the set of  15 25 PZT
wafers 312 collectively form a non-contiguous layer
43. The array further includes a back metal sheet 32
which includes a series  of ring-shaped protrusion
supports 51, as shown in Fig. 5. Fig 5(a) shows the
back metal sheet 32 looking in a direction which is
the down direction in Fig. 3(c),  while Fig. 5(b)
shows the back metal sheet 32 looking in a direction
which is the 20 up direction in Fig. 3(c). In the
vertical direction of Fig. 3(c), the center of the
ring  of each support 51 is aligned with the centre of
the corresponding two-layer  vibrator 31 and the
centre of the corresponding resonator 34. Under the
vibrator  31 is a back cavity. Preferably, the cavity
is less than 1 mm tall. The diameter of each support
51 is substantially the same size as that of a  



25 circular nodal line of the vibrator 31. Each
vibrator 31 is fixed onto the back metal  sheet 32 by
conductive epoxy (not shown) at the position of its
nodal line. This  bonds the circular upper edge of the
support 51 to the lower surface of the  vibrator 31.
The position of the nodal line in the vibrator may be
determined by  numerical simulation or experiment. The
vibrator 31 typically extends radially  30 outwardly
from the support 51. The array further includes a
front metal sheet 33 having a series of 6  emission
holes 61 and protrusions 62, as shown in Fig. 6. Fig
6(a) shows the  back metal sheet 33 looking in a
direction which is the up direction in Fig. 3(c),
while Fig. 6(b) shows the back metal sheet 32 looking
in a direction which is the  down direction in Fig.
3(c). The front metal sheet touches all the vibrators
31 at  5 their nodal lines. The PZT has two surface
electrodes. One of them is the back metal sheet  32
which is bonded to one electrode surface of all PZT
wafers 41, so that the  back metal sheet also
functions as one electrode terminal. The front metal
sheet  33, which touches all the vibrators 31 at their
nodal lines, functions as the other 10 electrode
terminal. This arrangement leads to two advantages:
(i) it means that  the task of connecting electrodes
to the transducers is simplified, and in particular
it can be done as a batch-process as discussed below,
and (ii) the two sheets 32,  33 (which may be of
metal, e.g. Al) provide heat dissipation when the
transducer  has been in operation for a long time. In
the structure explained above, no cover 15 case is
provided to each transducer element and all the
two-layer vibrators 31  rest on a single substrate 32,
resulting in a compact and thin transducer array
structure. The fabrication process of the embodiment
employs a multi-layer bonding  method, to replace the
conventional process in which the elements of the 20
transducers are assembled one-by-one. This gives the
present embodiment the  advantages of: (i) reducing
the assembly tolerance to achieve a uniform  



structure, and (ii) providing a cost-effective process
suitable for batch fabrication.  The fabrication
process is as follows: 1. forming the plurality of
resonator elements 34, 25 2. forming a front metal
sheet 33 including a plurality of sound emission
holes 61 and protrusions 62, and a back metal sheet 32
including a  plurality of supports 51, and 3. forming
the PZT ultrasonic transducer array by multi-layer
bonding.  Step 3 is composed of the steps 700 to 703
shown in Fig. 7. 30 In step 700, the 25 round metal
elements 311 are aligned by placing them  in
respective through-holes 81 in a first mask 8 shown in
Fig. 8. Fig. 8(a) shows 7  the first mask in plan
view, and Fig. 8(b) shows it in cross-section in the
plane  shown as C-C in Fig. 8(a). At this time the
first mask 8 is supported by a first  support
mechanism (not shown). Then, the 25 PZT elements 312
are located in  the through holes of a second mark
having the same configuration as the first 5 mask 8,
and supported by a second support mechanism. Thus, the
25 elements  311 together form a layer 42 (co-planar
with the first mask 8), while the 25  elements 312
together form a layer 43 (co-planar with the second
mask). The two  support mechanisms are positioned so
that the central axis of each membrane  element 311 is
aligned with the axis of a corresponding PZT element
312. After 10 that, the two support mechanisms are
moved towards each other until they are in  contact
tightly. The membrane elements 311 are then adhered to
the respective  PZT elements 312, thereby forming a
vibrator layer having a plurality of vibrator
elements 31. In step 701, the masks are moved to bring
the vibrator elements 31 into  15 contact with the
circular surface of the support elements 51. The
vibrator  elements 31 are adhered to the respective
support elements 51. The masks are  then removed. In
step 702, the front metal sheet 33 is aligned with the
vibrator layer, and  



fixed to the back metal sheet 32 by screws. A pre-load
produced by the screws  20 ensures that all the
vibrators 31 electrically contact the front metal
sheet 33 well.  In step 703, an array of lightweight
resonators 34 is attached to the vibrator transducer
array (e.g. using a mask with apertures supporting the
respective resonators 34?). Each resonator 34 is
bonded onto the corresponding  vibrator 31 at the
centre. 25 Although only a single embodiment of the
invention has been described in  detail, many
variations are possible within the scope of the
invention as defined  in the claims. 8  Claims 1. A
transducer array comprising:  (a) a conductive back
plate; 5 (b) a conductive front plate having openings;
(c) a plurality of piezoelectric vibrator elements
located in an array  between the plates, the vibrator
elements each including a piezoelectric element,  each
vibrator element having two portions in electrical
contact with the respective  plates. 10 2. A
transducer array according to claim 1 in which each of
the vibrator  elements comprises a conductive element
and a piezoelectric element,  respectively in
electrical contact with the plates. 15 3. A transducer
array according to claim 1 or claim 2 in which the
back plate  comprises outstanding support elements,
the vibrator elements being joined to  corresponding
ones of the support elements. 4. A transducer array
according to claim 1, claim 2 or claim 3 in which the
20 back plate is connected to the vibrator elements at
nodal positions on the vibrator  elements. 5. A
transducer array according to any preceding claim in
which the vibrator  



elements are pressed against the front plate. 25 ` 6.
A transducer array according to any preceding claim
further comprising  resonator elements for each
transducer, the resonator elements being conical or
frusto-conical bodies having an open end directed away
from the back plate. 30 7. A method for producing a
transducer array, the method comprising: 9  (a)
bonding a conductive back plate to a plurality of
piezoelectric vibrator elements located in an array,
the vibrator elements each including a piezoelectric
element, the piezoelectric elements having a first
portion in electrical contact with  the back plate; 5
(b) attaching a conductive front plate to the
conductive back plate, each  vibrator element having a
second portion in electrical contact with the
conductive  front plate. 8. A method according to
claim 7 in which step (a) is preceded by a step of  10
forming the vibrator elements by supporting a
plurality of metal elements in an  array
configuration, bringing the metal elements into
contact with respective ones  of a plurality of
piezoelectric elements supported in a second array
configuration,  and bonding the metal elements to the
vibration elements. 15 9. A method according to claim
7 or claim 8 in which step (a) is performed by  moving
the vibrator elements, which are maintained in an
array, relative to the  back plate to bring the
vibrator elements into electrical contact with the
back  plate, and bonding the vibrator elements to the
back plate. 20 10. A method according to any of claims
7 to 10 further comprising a step (c)  of positioning
a plurality of resonator elements in relation to the
respective  vibrator elements, the resonator elements
having a conical or frusto-conical  shape directed,
when so positioned, away from the back plate. 


