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The present invention discloses an ultraSonic phased array
transducer with an ultralow backfill and a method for

making. The ultraSonic phased array includes a low density
backfill material having an ultralow acoustic impedance.
The backfill material is either an aerogel, a carbon aerogel,
an Xerogel, or a carbon Xerogel. A piezoelectric ceramic
material and two matching layers are bonded to the backfill
material. In one embodiment, a plurality of interconnect ViaS
are formed in the backfill material with conducting material
deposited in the Vias. A portion of the bonded matching
layers, the piezoelectric ceramic material, and the backfill
material have isolation cuts therethrough to form an array of
electrically and acoustically isolated individual elements. In
a Second embodiment, the backfill material is bonded to an

electronic layer at a face opposite to the piezoelectric
ceramic material and the matching layers. Then isolation
cuts are made through the matching layers, the piezoelectric
ceramic material, and the backfill material, to form an array
of electrically and acoustically isolated individual elements.
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ULTRASONIC PHASED ARRAY TRANSDUCER
WITH AN ULTRALOW IMPEDANCE BACKFILL
AND A METHOD FOR MAKING
BACKGROUND OF THE INVENTION

0001. The present invention relates generally to an ultra
Sonic phased array transducer and more particularly to an
ultraSonic phased array. transducer having an ultralow
impedance backfill and a method for making.
0002. A typical ultrasonic phased array transducer used in
medical and industrial applications includes one or more
piezoelectric elements placed between a pair of electrodes.
The electrodes are connected to a Voltage Source. When a
Voltage is applied, the piezoelectric elements are excited at
a frequency corresponding to the applied Voltage. AS a
result, the piezoelectric element emits an ultraSonic beam of
energy into a media that it is coupled to at frequencies
corresponding to the convolution of the transducer's elec
trical/acoustical transfer function and the excitation pulse.
Conversely, when an echo of the ultraSonic beam Strikes the
piezoelectric elements, each element produces a correspond
ing Voltage acroSS its electrodes.
0003. In addition, the ultrasonic phased array typically
includes acoustic matching layers coupled to the piezoelec
tric elements. The acoustic matching layers transform the
acoustic impedance of the patient or object to a value closer
to that of the piezoelectric element. This improves the
efficiency of Sound transmission to the patient/object and
increases the bandwidth over which Sound energy is trans
mitted. Also, the ultraSonic phased array includes an acous
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electric elements or in 2 dimensional (2-D) arrays, Since

backfill properties or acoustic isolation may be compro
mised. An example of a handwiring Scheme that is not
practicable for commercial manufacturing is disclosed in
Kojima, Matrix Array Transducer and Flexible Matrix Array
Transducer, IEEE ULTRASONICS, 1986, pp. 649-654. An
example of another Scheme that has been disclosed in
Pappalardo, Hybrid Linear and Matrix Acoustic Arrays,
ULTRASONICS, March 1981, pp. 81-86, is to stack indi
vidual lines of arrays of piezoelectric elements including the
backfill. However, the scheme disclosed in Pappalardo is
deficient because there is poor dimensional control. In Smith
et al., Two Dimensional Arrays for Medical Ultrasound,

ULTRASONIC IMAGING, vol. 14, pp. 213-233 (1992), a

Scheme has been disclosed which uses epoxy wiring guides
with conducting epoxy and wire conductors. However, the
Scheme disclosed in Smith et al. is deficient because it

Suffers from poor manufacturability and acoustic properties.

Also, a three dimensional (3-D) ceramic interconnect struc

ture based multi-layer ceramic technology developed for
Semiconductor integrated circuits has been disclosed in
Smith et al., Two Dimensional Array Transducer Using
Hybrid Connection Technology, IEEE ULTRASONICS
SYMPOSIUM, 1992, pp. 555-558. This scheme also suffers
from poor manufacturability and acoustic properties.
0006 Thus, there is a need for a backfill that can be used
in an ultraSonic phased array transducer Such that electrical
and acoustical isolation of the array of piezoelectric ele
ments can be maintained without interfering with their
electrical and acoustical properties.

tic backing layer (i.e., a backfill) coupled to the piezoelectric

elements opposite to the acoustic matching layers. The
backfill has a lower impedance than the piezoelectric ele
ments in order to direct more of the ultraSonic beam towards

the patient/object rather than the backfill. Typically, the
backfill is made from a thick, lossy material that provides
high attenuation for diminishing reverberations of the Sound
frequencies involved. AS an echo of Sound waves goes to or
returns from the patient/object some of the waves will
escape into the backfill material and may interfere with other
echoes returning from the patient/object. However, most of
these Sound waves are attenuated greatly by the thick, lossy,
backfill material So that returned echoes from the backfill are

unimportant.
0004. However, a problem with using a thick, lossy,
backfill with an ultraSonic phased array transducer is that it
is difficult to achieve electrical and acoustical isolation by
Separating the array of piezoelectric elements with indepen
dent electrical connections. Typically, the piezoelectric ele
ments are Separated by using a dicing Saw, a kerf Saw, or by
laser machining. Electrical connections made through the
backfill layer must not interfere with the other acoustic

properties (i.e. high isolation, high attenuation, and backfill
impedance). In certain applications Such as 1.5 or 2 dimen

Sional arrays, there is a very Small profile which makes it
extremely difficult to make electrical connections without
interfering with the acoustic properties of the ultrasonic
phased array.
0005 One approach that has been used to overcome this
interconnect problem is to bond wires or flexible circuit
boards to the piezoelectric elements. However, these
Schemes are difficult to implement with very Small piezo

SUMMARY OF THE INVENTION

0007. Therefore, it is a primary objective of the present
invention to provide an ultrasonic phased array transducer
having a backfill with an ultralow impedance that is made
from aerogels, carbon aerogels, Xerogels, or carbon Xero
gels, eliminating the need for a thick, lossy, backfill.
0008. A second object of the present invention is to
provide an ultraSonic phased array transducer with a backfill
that can be electrically and acoustically isolated without
interfering with the electrical and acoustical properties of the
array.

0009 Thus, in accordance with the present invention,
there is provided an ultraSonic phased array transducer and
a method for making. In the present invention, a low density
backfill material having an ultralow acoustic impedance is
bonded to a piezoelectric ceramic material and a plurality of
matching layers. Portions of the bonded plurality of match
ing layers, the piezoelectric ceramic material, and the back
fill material are cut therethrough to form an array of elec
trically and acoustically isolated individual elements.
0010. In accordance with a first embodiment of the
present invention, there is provided an ultrasonic phased
array transducer and a method for making. In the first
embodiment, there is a low density backfill material having
an ultralow acoustic impedance. A flexible circuit board is
bonded at one end of the ultralow impedance backfill. A
piezoelectric ceramic material and a plurality of matching
layers are bonded to the flexible circuit board and the
backfill material, wherein the flexible circuit board is

bonded between the backfill material and the piezoelectric
ceramic material. A portion of the bonded plurality of
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matching layers, the piezoelectric ceramic material, the
flexible circuit board, and the backfill material are cut to

form an array of electrically and acoustically isolated indi
vidual elements.

0011. In accordance with a second embodiment of the
present invention, there is provided an ultrasonic phased
array transducer and a method for making. In the Second
embodiment, there is a low density backfill material having
an ultralow acoustic impedance. A piezoelectric ceramic
material and a plurality of matching layers are bonded to the
backfill material. A plurality of interconnect Vias are formed
in the backfill material. A conducting material is then
deposited in the plurality of interconnect vias. Portions of
the bonded plurality of matching layers, the piezoelectric
ceramic material, and the backfill material are cut to form an

array of electrically and acoustically isolated individual

elements.

0012. In accordance with another embodiment of the
present invention, there is provided an ultrasonic phased
array transducer and a method for making. In the third
embodiment, there is an electrically conductive low density
backfill material having an ultralow acoustic impedance. A
piezoelectric ceramic material and a plurality of matching
layers are bonded to the backfill material. An electronic layer
is bonded to the backfill material at a face opposite to the
bonded piezoelectric ceramic material and plurality of
matching layers. The electronic layer is used for making
electrical contacts to the piezoelectric ceramic material and
to external devices. Portions of the bonded plurality of
matching layers, the piezoelectric ceramic material, and the
backfill material are cut to form an array of electrically and
acoustically isolated individual elements.
0013 In accordance with still another embodiment of the
present invention, there is provided an ultrasonic phased
array transducer and a method for making. In the fourth
embodiment, a piezoelectric ceramic material and a plurality
of matching layers are bonded on a Substrate. The bonded
plurality of matching layerS and the piezoelectric ceramic
material are cut to form an array of electrically and acous
tically isolated individual elements. A low density backfill
material having an ultralow acoustic impedance is deposited
over the array of electrically and acoustically isolated indi
vidual elements. Next, a plurality of interconnect Vias are
formed in the backfill material and deposited with a con
ducting material in the plurality of interconnect Vias.
0014) While the present invention will hereinafter be
described in connection with an illustrative embodiment and

method of use, it will be understood that it is not intended
to limit the invention to this embodiment. Instead, it is

intended to cover all alternatives, modifications and equiva
lents as may be included within the Spirit and Scope of the
present invention as defined by the appended claims.
BRIEF DESCRIPTION OF THE DRAWINGS

0.015 FIG. 1 is a schematic of an ultrasonic phased array
transducer and associated transmitter/receiver electronics

used with the present invention;
0016 FIGS. 2A-2B are schematics showing a sound echo
returning from an object to a conventional ultraSonic phased
array having a lossy backing and to an ultrasonic phased
array having an ultralow backing according to the present
invention, respectively;
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0017 FIG. 3 is a plot showing return echo amplitude as
a function of backing impedance;
0018 FIG. 4 is a schematic showing the ultrasonic
phased array transducer with ultralow backing in a first
embodiment;

0019 FIGS. 5A-5C illustrate a schematic method of
forming the ultrasonic phased array transducer according to
the first embodiment;

0020 FIG. 6 is a schematic showing the ultrasonic
phased array transducer with ultralow backing in a Second
embodiment;

0021 FIGS. 7A-7D illustrate a schematic method of
forming the ultrasonic phased array transducer according to
the Second embodiment;

0022 FIGS. 8A-8B show the impulse spectrum and
impulse response for a conventional ultrasonic phased array
having a lossy backing, respectively;
0023 FIGS. 9A-9B show the impulse spectrum and
impulse response for an ultraSonic phased array having an
ultralow backing according to the present invention, respec
tively;
0024 FIG. 10 is a schematic showing the ultrasonic
phased array transducer in a third embodiment;
0025 FIGS. 11A-11C illustrate a schematic method of
forming the ultrasonic phased array transducer according to
the third embodiment;

0026 FIG. 12 is a schematic showing the ultrasonic
phased array transducer in a fourth embodiment; and
0027 FIGS. 13A-13E illustrate a schematic method of
forming the ultrasonic phased array transducer according to
the fourth embodiment.
DETAILED DESCRIPTION OF THE PRESENT
INVENTION

0028 FIG. 1 is a schematic of an ultrasonic phased array
imager 10 which is used in medical and industrial applica
tions. The imager 10 includes a plurality of piezoelectric
elements 12 defining a phased array 14. The piezoelectric
elements are preferably made from a piezoelectric material

Such as lead Zirconium titanate (PZT) or a relaxor material

Such as lead magnesium niobate titanate and are separated to
prevent cross-talk and have an isolation in excess of 20
decibels. A backfill layer 16 is coupled at one end of the
phased array 14. The backfill layer 16 has a low density and
an ultralow impedance for preventing ultrasonic energy
from being transmitted or reflected from behind the piezo
electric elements 12 of the phased array 14. Acoustic match
ing layers 18 are coupled to an end of the phased array 14
opposite from the backfill layer 16. The matching layers 18
provide Suitable matching impedance to the ultrasonic
energy as it passes between the piezoelectric elements 12 of
the phased array 14 and the patient/object. In the illustrative
embodiment, there are two matching layerS preferably made
from a polymer having an acoustic impedance ranging from
about 1.8 MRayls to about 2.5 MRayls and a composite
material having an acoustic impedance ranging from about
6 MRayls to about 12 MRayls.
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0029. A transmitter 20 controlled by a controller 22
applies a Voltage to the plurality of piezoelectric elements 12
of the phased array 14. A beam of ultraSonic energy is
generated and propagated along an axis through the match
ing layers 18 and a lens 24. The matching layers 18 broaden

the bandwidth (i.e., damping the beam quickly) of the beam
and the lens 24 directs the beam to a patient/object. The
backfill layer 16 prevents the ultrasonic energy from being
transmitted or reflected from behind the piezoelectric ele
ments 12 of the phased array 14. Echoes of the ultrasonic
beam energy return from the patient/object, propagating
through the lens 24 and the matching layers 18 to the PZT
material of the piezoelectric elements 12. The echoes arrive
at various time delays that are proportional to the distances
from the ultraSonic phased array 14 to the patient/object
causing the echoes. AS the echoes of ultraSonic beam energy
Strike the piezoelectric elements, a Voltage Signal is gener
ated and Sent to a receiver 26. The Voltage Signals at the
receiver 26 are delayed by an appropriate time delay at a
time delay means 28 set by the controller 22. The delay
Signals are then Summed at a Summer 30 and a circuit 32. By
appropriately Selecting the delay times for all of the indi
vidual piezoelectric elements and Summing the result, a
coherent beam Sum is formed. The coherent beam Sum is

then displayed on a B-scan display 34 that is controlled by
the controller 22. A more detailed description of the elec
tronicS connected to the phased array is provided in U.S. Pat.
No. 4,442,715, which is incorporated herein by reference.
0.030. As mentioned above, conventional backfill mate
rials are made from a thick, lossy backing to provide high
attenuation for echoes of Sound waves returning from the
patient/object towards the transducer. FIG. 2A is a sche
matic showing a Sound echo returning from an object to a
conventional ultraSonic phased array having a thick, lossy
backing. In FIG. 2A, a Sound echo pulse returns from an
object to the matching layers at time T. At T, which is
greater than T, the Sound echo pulse reaches the interface
of the piezoelectric ceramic material and the lossy backfill.
A portion of the pulse propagates into the lossy backfill and
a diminished pulse is reflected back at T, which is greater
than T. Subsequently, the Sound in the backfill will reflect
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0031 FIG. 4 is a schematic showing the ultrasonic
phased array transducer and the backfill material 16 in more
detail according to a first embodiment which is directed to
a Stack of elements in one direction. The ultrasonic phased
array 14 includes a low density backfill material 16 having
an ultralow acoustic impedance made from either an aerogel
or an xerogel. A thin film of a flexible printed circuit board
41 is bonded to one side of the backfill material 16. A

piezoelectric ceramic material 12 and two matching layers
18 are bonded to the flexible printed circuit board 41 and the
backfill material 16, wherein the flexible printed circuit
board is placed between the piezoelectric ceramic material
and the backfill material. A portion of the bonded matching
layers 18, the piezoelectric ceramic material 12, the flexible
printed circuit board 41 and the backfill material 16 have
isolation cuts 40 therethrough to form an array of electrically
and acoustically isolated individual elements.
0032 FIGS. 5A-5C illustrate a schematic method of
forming the ultrasonic phased array transducer according to
the first embodiment. The Specific processing conditions and
dimensions Serve to illustrate the present method but can be
varied depending upon the materials used and the desired
application and geometry of the phased array transducer.
First, as shown in FIG. 5A, a slab of low density backfill
material 16 Such as an organic or inorganic aerogel or
xerogel is bonded to a flexible printed circuit board 41. The
aerogel or Xerogel backfill material 16 has a density of

0.02-0.2 gmcm and an acoustic impedance that is Sub

Stantially less than 1.0 MRayl and an acoustic impedance in
the illustrative embodiment that is less than 0.5 MRayl,
preferably between 0.01-0.4 MRayls. Once the aerogel or
xerogel backfill material 16 has been bonded to the flexible
printed circuit board 41, a piezoelectric ceramic material 12
and two matching layers 18 are bonded to the flexible
printed circuit board and the backfill material in FIG. 5B, so
that the printed circuit board is placed between the backfill
and the piezoelectric. In FIG. 5C, a plurality of isolation
cuts 40 are cut through a portion of the matching layers 18,
the piezoelectric ceramic material 12, the flexible printed
circuit board 41, and the backfill material 16 by a laser or a
dicing Saw to form an array of electrically and acoustically

off the back Surface of the backfill. In a backfill without loss,

isolated individual elements.

this reflected Sound propagates through the backfill and will
be partially transmitted back into the piezoelectric material
as an unwanted Signal at time T. For this reason, the
conventional backfills need high attenuation to reduce the
unwanted Signals to harmless levels. On the other hand, in

0033 FIG. 6 is a schematic showing the ultrasonic
phased array transducer and the backfill material 16 in more
detail according to a Second embodiment, which is directed
to a 1.5 dimensional or 2-D array. The ultraSonic phased
array 14 includes a low density backfill material 16 having
an ultralow acoustic impedance made from either an aerogel
or an Xerogel. A piezoelectric ceramic material 12 and two
matching layers 18 are bonded to the backfill material. A

FIG. 2B, which shows a schematic of a Sound echo return

ing from an object towards the ultraSonic phased array 14
having an ultralow backfill 16, the amount of energy that
escapes into the backfill is significantly diminished and the
reflected pulse at T is greater. Since the pulse that escapes
into the backfill 16 is so much smaller, reverberations from

the backfill are diminished. This concept is further illustrated
in FIG. 3 which shows a plot of return echo amplitude after
reflection from the back Surface of the backfill as a function

of backfill impedance. The backfill impedance for the highly
attenuating conventional backfill of FIG. 2A has an imped
ance which is typically greater than 2.5 MRayl and returns
an amplitude of approximately -20 dB. However, the back
fill impedance for the ultralow backfill 16 of the present
invention has an impedance which is Substantially less than
1.0 MRayl and returns an amplitude of approximately -60
dB.

plurality of interconnect Vias(i.e., holes)36 are formed in the

backfill material 16 and each have a conducting material 38
deposited therein. A portion of the bonded matching layers
18, the piezoelectric ceramic material 12, and the backfill
material 16 in the front face have isolation cuts 40 there

through to form an array of electrically and acoustically
isolated individual elements. In addition, the ultrasonic

phased array transducer 14 may include Solder pads pat
terned on the backfill 16 for connecting various types of
electronicS Such as cables, flexible circuit boards, or inte

grated circuits.
0034 FIGS. 7A-7D illustrate a schematic method of
forming the ultrasonic phased array transducer according to

US 2001/0032382 A1

the Second embodiment. The Specific processing conditions
and dimensions Serve to illustrate the present method but can
be varied depending upon the materials used and the desired
application and geometry of the phased array transducer.
First, as shown in FIG. 7A, a slab of low density backfill
material 16 Such as an organic or inorganic aerogel or
Xerogel is bonded to a piezoelectric ceramic material 12 and
to two matching layerS 18. The aerogel or Xerogel backfill

material 16 has a density of 0.02-0.2 gm-cm and an

acoustic impedance that is substantially less than 1.0 MRayl
and an acoustic impedance in the illustrative embodiment
that is less than 0.5 MRayl, preferably between 0.01-0.4
MRayls. Once the aerogel or xerogelbackfill material 16 has
been bonded to the piezoelectric ceramic material 12 and to
the matching layers 18 at a depth of a few millimeters, the
bonded Structure is then planarized.
0035) Next, in FIG. 7B, a plurality of interconnect vias
36 are formed in the backfill material 16 by laser machining.
Since the backfill material 16 has less than 0.1 the density of
the piezoelectric ceramic material and the matching layers,
much less material needs to be removed and thus the

effective thickness of the material is reduced. Thus, narrow

via holes 36 may be machined quickly and deeply through
the low density backfill material 16.
0036. After the plurality of via holes have been
machined, a conducting material 38 is deposited in each of
the plurality of interconnect vias in FIG. 7C. The conduct
ing material is deposited in each of the Vias by flowing,
electrodeleSS chemical deposition, chemical vapor deposi
tion, or by electroplating. In the present invention, the
conducting material may be deposited metal Such as copper,
silver, gold, or a polymer. In FIG. 7D, a plurality of isolation
cuts 40 are cut through a portion of the matching layers 18,
the piezoelectric ceramic material 12, and the backfill mate
rial 16 by a laser or a dicing saw to form an array of
electrically and acoustically isolated individual elements.
0037. The ultrasonic phased array transducer produced
from the method shown in FIGS. 7A-7D has a significant
Sensitivity increase as compared to the conventional ultra
Sonic phased array having a lossy backing. For example,
FIGS. 8A-8B show that the impulse spectrum and impulse
response for a conventional ultraSonic phased array having
a lossy backing, respectively, is lower because more of the
Sound is attenuated in the backing. However, Since the
backfill material of the present invention has an ultralow
impedance, the Sound Sensitivity is greater. In particular,
FIGS. 9A-9B show that the impulse spectrum and impulse
response for the ultraSonic phased array having an ultralow

impedance backing (Z=0.05 MRayls) according to the

present invention, respectively, has a Sensitivity increase of
about 2 dB.

0.038 A third embodiment of the ultrasonic phased array
transducer is shown in the schematic of FIG. 10. Unlike the

first and Second embodiments, the ultraSonic phased array
transducer of the third embodiment includes a low density
electrically conductive backfill material 16 having an
ultralow acoustic impedance Such as carbon aerogel or a
carbon Xerogel. A piezoelectric ceramic material 12 and two
matching layers 18 are bonded to the backfill material. In
addition, the backfill material 16 is bonded to an electronic

layer 42 at a face opposite to the piezoelectric ceramic
material 12 and the matching layers 18. The electronic layer
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is used to make electrical contacts to the piezoelectric
ceramic material and to external devices. A portion of the
bonded matching layers 18, the piezoelectric ceramic mate
rial 12, and the backfill material 16 in the front face have

isolation cuts 40 therethrough to form an array of electrically
and acoustically isolated individual elements. In addition,
the ultrasonic phased array transducer 14 may include Solder
pads patterned on the backfill 16 for connecting various
types of electronicS Such as cables, flexible circuit boards, or
integrated circuits.
0039 FIGS. 11A-11C illustrate a schematic method of
forming the ultrasonic phased array transducer according to
the third embodiment. The Specific processing conditions
and dimensions Serve to illustrate the present method but can
be varied depending upon the materials used and the desired
application and geometry of the phased array transducer.
First, as shown in FIG. 11A, a slab of low density electri
cally conductive backfill material 16 Such as an organic or
inorganic carbon aerogel or carbon Xerogel is bonded to a
piezoelectric ceramic material 12 and to two matching layers
18. The carbon aerogel or xerogel backfill material 16 has a

density of 0.02-0.2 gmcm and an acoustic impedance that

is substantially less than 1.0 MRayl and an acoustic imped
ance in the illustrative embodiment that is less than 0.5

MRayl, preferably between 0.01-0.4 MRayls.
0040. Next, in FIG. 11B, the electronic-layer 42 is
bonded to the carbon aerogel or carbon Xerogel backfill
material 16 on the Side opposite the piezoelectric ceramic
material 12 and the matching layers 18. After the electronic
layer has been bonded, a plurality of isolation cuts 40 are cut
through the matching layers 18, the piezoelectric ceramic
material 12, and the backfill material 16 by a laser or a dicing
saw to form an array of electrically and acoustically isolated
individual elements in FIG. 11C.

0041. A fourth embodiment of the ultrasonic phased array
transducer is shown in the Schematic of FIG. 12. The fourth

embodiment includes the piezoelectric ceramic material 12
and the plurality of matching layers 18 bonded to each other.
The piezoelectric ceramic material and the plurality of
matching layers are cut therethrough to form an array of
electrically and acoustically isolated individual elements.
The low density backfill material 16 is made from either an
aerogel or an Xerogel having an ultralow acoustic impedance
and is deposited over the array of electrically and acousti
cally isolated individual elements. A plurality of the inter
connect vias 36 are formed in the backfill material 16 and

each have the conducting material 38 deposited therein. In
addition, the ultraSonic phased array transducer 14 may
include solder pads patterned on the backfill 16 for connect
ing various types of electronicS Such as cables, flexible
circuit boards, or integrated circuits.
0042 FIGS. 13A-13E illustrate a schematic method of
forming the ultrasonic phased array transducer according to
the fourth embodiment. The Specific processing conditions
and dimensions Serve to illustrate the present method but can
be varied depending upon the materials used and the desired
application and geometry of the phased array transducer.
First, as shown in FIG. 13A, the piezoelectric ceramic
material 12 and the plurality of matching layers 18 are
bonded on a substrate 44. The bonded matching layers and
the piezoelectric ceramic material are cut in FIG. 13B to
form an array of electrically and acoustically isolated indi
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vidual elements. Next, in FIG. 13C, the low density backfill
material 16 made from an organic or inorganic aerogel or
Xerogel is deposited over the piezoelectric ceramic material
12 and the two matching layerS 18. The aerogel or Xerogel

backfill material 16 has a density of 0.02-0.2 gmcm and
an acoustic impedance that is Substantially less than 1.0
MRayl and an acoustic impedance in the illustrative embodi
ment that is less than 0.5 MRayl, preferably between 0.01
0.4MRayls. Once the aerogel or xerogel backfill material 16
has been deposited over the piezoelectric ceramic material
12 and the matching layers 18 at a depth of a few millime
ters, the bonded structure is then planarized. In FIG. 13D, a
plurality of interconnect vias 36 are formed in the backfill
material 16 by laser machining and the conducting material
38 is deposited in each of the vias. After the conducting
material has been deposited, the Substrate 44 is then
removed.

0043. It is therefore apparent that there has been provided
in accordance with the present invention, an ultrasonic
phased array transducer having an ultralow backfill and a
method for making that fully Satisfy the aims and advantages
and objectives hereinbefore set forth. The invention has been
described with reference to several embodiments, however,

it will be appreciated that variations and modifications can
be effected by a person of ordinary skill in the art without
departing from the Scope of the invention.
1. A method for forming an ultraSonic phased array
transducer with an ultralow impedance backing, the method
comprising the steps of:
providing a low density backfill material having an
ultralow acoustic impedance;
bonding a piezoelectric ceramic material and a plurality of
matching layers to the backfill material; and
cutting through portions of the bonded plurality of match
ing layers, the piezoelectric ceramic material, and the
backfill material to form an array of electrically and
acoustically isolated individual elements.
2. A method according to claim 1, wherein the backfill
material is either an aerogel or an Xerogel.
3. A method according to claim 2, wherein the backfill
material has an acoustic impedance Substantially less than 1
MRayl.
4. A method according to claim 3, wherein the backfill
material has an acoustic impedance less than 0.5 MRayl.
5. A method according to claim 1, further comprising the
Step of placing a flexible circuit board between the piezo
electric ceramic material and the ultralow impedance back
fill.

6. A method according to claim 1, further comprising the
Step of forming a plurality of interconnect Vias in the backfill
material.

7. A method according to claim 6, further comprising the
Step of depositing a conducting material in the plurality of
interconnect Vias.

8. A method according to claim 1, further comprising the
Step of bonding an electronic layer to the backfill material at
a face opposite to the bonded piezoelectric ceramic material
and plurality of matching layers, the electronic layer used for
making electrical contacts to the piezoelectric ceramic mate
rial and to external devices.
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9. A method according to claim 8, wherein the cuts extend
through the plurality of matching layers, the piezoelectric
ceramic material, and the backfill material.

10. A method according to claim 8, wherein the backfill
material is either a carbon aerogel or a carbon Xerogel.
11. A method according to claim 1, wherein the bonded
plurality of matching layers, the piezoelectric ceramic mate
rial, and the backfill material are cut with a laser.

12. A method for forming an ultraSonic phased array
transducer with an ultralow impedance backing, the method
comprising the Steps of:
providing a low density backfill material having an
ultralow acoustic impedance;
bonding a flexible circuit board at one end of the ultralow
impedance backfill;
bonding a piezoelectric ceramic material and a plurality of
matching layers to the flexible circuit board and the
backfill material, wherein the flexible circuit board is

bonded between the backfill material and the piezo
electric ceramic material; and

cutting through portions of the bonded plurality of match
ing layers, the piezoelectric ceramic material, the flex
ible circuit board, and the backfill material to form an

array of electrically and acoustically isolated individual

elements.

13. A method according to claim 12, wherein the backfill
material is either an aerogel or an Xerogel.
14. A method according to claim 13, wherein the backfill
material has an acoustic impedance Substantially less than 1
MRayl.
15. A method according to claim 14, wherein the backfill
material has an acoustic impedance less than 0.5 MRayl.
16. A method for forming an ultraSonic phased array
transducer with an ultralow impedance backing, the method
comprising the Steps of:
providing a low density backfill material having an
ultralow acoustic impedance;
bonding a piezoelectric ceramic material and a plurality of
matching layers to the backfill material;
forming a plurality of interconnect Vias in the backfill
material;

depositing a conducting material in the plurality of inter
connect Vias, and

cutting through portions of the bonded plurality of match
ing layers, the piezoelectric ceramic material, and the
backfill material to form an array of electrically and
acoustically isolated individual elements.
17. A method according to claim 16, wherein the backfill
material is either an aerogel or an Xerogel.
18. A method according to claim 17, wherein the backfill
material has an acoustic impedance Substantially less than 1
MRayl.
19. A method according to claim 18, wherein the backfill
material has an acoustic impedance less than 0.5 MRayl.
20. A method for forming an ultraSonic phased array
transducer with an ultralow impedance backing, the method
comprising the Steps of:
providing an electrically conductive low density backfill
material having an ultralow acoustic impedance;
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bonding a piezoelectric ceramic material and a plurality of
matching layers to the backfill material;
bonding an electronic layer to the backfill material at a
face opposite to the bonded piezoelectric ceramic mate
rial and plurality of matching layers, the electronic
layer used for making electrical contacts to the piezo
electric ceramic material and to external devices, and

cutting through portions of the bonded plurality of match
ing layers, the piezoelectric ceramic material, and the
backfill material to form an array of electrically and
acoustically isolated individual elements.
21. A method according to claim 20, wherein the backfill
material is either a carbon aerogel or a carbon Xerogel.
22. A method according to claim 21, wherein the cut
portions extend through the plurality of matching layers, the
piezoelectric ceramic material, and the backfill material.
23. A method according to claim 22, wherein the backfill
material has an acoustic impedance Substantially less than 1
MRayl.
24. A method according to claim 23, wherein the backfill
material has an acoustic impedance less than 0.5 MRayl.
25. A method for forming an ultraSonic phased array
transducer with an ultralow impedance backing, the method
comprising the Steps of:
bonding a piezoelectric ceramic material and a plurality of
matching layerS on a Substrate,
cutting the bonded plurality of matching layerS and the
piezoelectric ceramic material to form an array of
electrically and acoustically isolated individual ele
ments,

depositing a low density backfill material having an
ultralow acoustic impedance over the array of electri
cally and acoustically isolated individual elements,
forming a plurality of interconnect Vias in the backfill
material; and

depositing a conducting material in the plurality of inter
connect Vias.

26. A method according to claim 25, wherein the backfill
material is either an aerogel or an Xerogel.
27. A method according to claim 26, wherein the backfill
material has an acoustic impedance Substantially less than 1
MRayl.
28. A method according to claim 27, wherein the backfill
material has an acoustic impedance less than 0.5 MRayl.
29. A method according to claim 25, further comprising
the Step of planarizing the backfill material deposited on the
array of electrically and acoustically isolated individual
elements.

30. A method according to claim 25, further comprising
the Step of removing the Substrate from the backfill material,
the piezoelectric material, and the plurality of matching
layers.
31. An ultraSonic phased array transducer, comprising:
a low density backfill material having an ultralow acoustic
impedance; a piezoelectric ceramic material; and a
plurality of matching layers, the piezoelectric ceramic
material and the plurality of matching layerS bonded to
the backfill material, a portion of the bonded plurality
of matching layers, the piezoelectric ceramic material,
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and the backfill material having cuts therethrough to
form an array of electrically and acoustically isolated
individual elements.

32. An ultraSonic phased array transducer according to
claim 31, wherein the backfill material is either an aerogel
or an Xerogel.
33. An ultraSonic phased array transducer according to
claim 32, wherein the backfill material has an acoustic

impedance substantially less than 1 MRayl.
34. An ultraSonic phased array transducer according to

claim 33, wherein the backfill material has an acoustic

impedance less than 0.5 MRayl.
35. An ultraSonic phased array transducer according to
claim 31, further comprising a flexible circuit board placed
between the piezoelectric ceramic material and the ultralow
impedance backfill.
36. An ultraSonic phased array transducer according to
claim 31, further comprising a plurality of interconnect ViaS
formed in the backfill material.

37. An ultraSonic phased array transducer according to
claim 36, further comprising a conducting material depos
ited in the plurality of interconnect Vias.
38. An ultraSonic phased array transducer according to
claim 31, further comprising an electronic layer bonded to
the backfill material at a face opposite to the bonded
piezoelectric ceramic material and plurality of matching
layers, the electronic layer used for making electrical con
tacts to the piezoelectric ceramic material and to external
devices.

39. An ultraSonic phased array transducer according to
claim 38, wherein the cuts extend through the plurality of
matching layers, the piezoelectric ceramic material, and the
backfill material.

40. An ultraSonic phased array transducer according to
claim 38, wherein the backfill material is either a carbon

aerogel or a carbon Xerogel.
41. An ultraSonic phased array transducer, comprising:
a low density backfill material having an ultralow acoustic
impedance; a flexible circuit board bonded to one Side
of the ultralow impedance backfill; a piezoelectric
ceramic material; and a plurality of matching layers,
the piezoelectric ceramic material and the plurality of
matching layers bonded to the flexible circuit board and
the backfill material, wherein the flexible circuit board

is placed between the piezoelectric ceramic material
and the backfill material, a portion of the bonded
plurality of matching layers, the piezoelectric ceramic
material, the flexible circuit board and the backfill

material having cuts therethrough to form an array of
electrically and acoustically isolated individual ele
mentS.

42. An ultraSonic phased array transducer according to
claim 41, wherein the backfill material is either an aerogel
or an Xerogel.
43. An ultraSonic phased array transducer according to
claim 42, wherein the backfill material has an acoustic

impedance substantially less than 1 MRayl.
44. An ultraSonic phased array transducer according to

claim 43, wherein the backfill material has an acoustic

impedance less than 0.5 MRayl.
45. An ultraSonic phased array transducer, comprising:
a low density backfill material having an ultralow acoustic
impedance; a piezoelectric ceramic material; and a
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plurality of matching layers, the piezoelectric ceramic
material and the plurality of matching layerS bonded to
the backfill material, the backfill material having a
plurality of interconnect Vias formed therein, the plu
rality of interconnect Vias having a conducting material
deposited therein, a portion of the bonded plurality of
matching layers, the piezoelectric ceramic material,
and the backfill material having cuts therethrough to
form an array of electrically and acoustically isolated
individual elements.

46. An ultraSonic phased array transducer according to
claim 45, wherein the backfill material is either an aerogel
or an Xerogel.
47. An ultraSonic phased array transducer according to
claim 46, wherein the backfill material has an acoustic

impedance substantially less than 1 MRayl.
48. An ultraSonic phased array transducer according to

claim 47, wherein the backfill material has an acoustic

impedance less than 0.5 MRayl.
49. An ultrasonic phased array transducer, comprising:
an electrically conductive low density backfill material
having an ultralow acoustic impedance, a piezoelectric
ceramic material; and a plurality of matching layers,
the piezoelectric ceramic material and the plurality of
matching layerS bonded to the backfill material, the
backfill material bonded to an electronic layer at a face
opposite to the bonded piezoelectric ceramic material
and a plurality of matching layers, the electronic layer
used for making electrical contacts to the piezoelectric
ceramic material and to external devices, a portion of
the bonded plurality of matching layers, the piezoelec
tric ceramic material, and the backfill material having
cuts therethrough to form an array of electrically and
acoustically isolated individual elements.
50. An ultraSonic phased array transducer according to
claim 49, wherein the backfill material is either a carbon

aerogel or a carbon Xerogel.
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51. An ultraSonic phased array transducer according to
claim 50, wherein the cut portions extend through the
plurality of matching layers, the piezoelectric ceramic mate
rial, and the backfill material.

52. An ultraSonic phased array transducer according to
claim 51, wherein the backfill material has an acoustic

impedance substantially less than 1 MRayl.
53. An ultraSonic phased array transducer according to
claim 52, wherein the backfill material has an acoustic

impedance less than 0.5 MRayl.
54. An ultraSonic phased array transducer, comprising:
a piezoelectric ceramic material and a plurality of match
ing layerS bonded to each other, the piezoelectric
ceramic material and the plurality of matching layers
having cuts therethrough to form an array of electri
cally and acoustically isolated individual elements, a
low density backfill material having an ultralow acous
tic impedance deposited over the array of electrically
and acoustically isolated individual elements, a plural
ity of interconnect vias formed in the backfill material,
wherein the plurality of interconnect Vias have a con
ducting material deposited therein.
55. An ultraSonic phased array transducer according to
claim 54, wherein the backfill material is either an aerogel
or an Xerogel.
56. An ultraSonic phased array transducer according to
claim 55, wherein the backfill material has an acoustic
impedance substantially less than 1 MRayl.
57. An ultraSonic phased array transducer according to
claim 56, wherein the backfill material has an acoustic

impedance less than 0.5 MRayl.

