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ULTRASONIC RECEIVER WITH COATED PIEZOELECTRIC LAYER
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to United States Provisional Patent
Application No. 61/830,572 (attorney docket number QUALP198P/133120P1), filed on
June 3, 2013 and entitled “ULTRASONIC RECEIVER WITH COATED
PIEZOELECTRIC LAYER”, and to United States Patent Application No. 14/175,876
(attorney docket number QUALP198/133120), filed on February 7, 2014 and entitled
“ULTRASONIC RECEIVER WITH COATED PIEZOELECTRIC LAYER,” each of

which is hereby incorporated by reference.
TECHNICAL FIELD
[0002] This disclosure relates generally to an ultrasonic receiver.
DESCRIPTION OF THE RELATED TECHNOLOGY

[0003] In an ultrasonic sensor system, an ultrasonic transmitter may be used to send
an ultrasonic wave through an ultrasonically transmissive medium or media and towards
an object to be detected. The transmitter may be operatively coupled with an ultrasonic
sensor configured to detect portions of the ultrasonic wave that are reflected from the
object. For example, in ultrasonic fingerprint imagers, an ultrasonic pulse may be
produced by starting and stopping the transmitter during a very short interval of time.
At each material interface encountered by the ultrasonic pulse, a portion of the

ultrasonic pulse is reflected.

[0004] For example, in the context of an ultrasonic fingerprint imager, the ultrasonic

wave may travel through a platen on which a person’s finger may be placed to obtain a

fingerprint image. After passing through the platen, some portions of the ultrasonic
wave encounter skin that is in contact with the platen, e.g., fingerprint ridges, while
other portions of the ultrasonic wave encounter air, ¢.g., valleys between adjacent
ridges of a fingerprint, and may be reflected with different intensities back towards the

ultrasonic sensor. The reflected signals associated with the finger may be processed and

QUALP198WO 1
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converted to a digital value representing the signal strength of the reflected signal.
When multiple such reflected signals are collected over a distributed area, the digital
values of such signals may be used to produce a graphical display of the signal strength
over the distributed area, for example by converting the digital values to an image,
thereby producing an image of the fingerprint. Thus, an ultrasonic sensor system may
be used as a fingerprint imager or other type of biometric scanner. In some
implementations, the detected signal strength may be mapped into a contour map of the

finger that is representative of the depth of the ridge structure detail.

SUMMARY

[0005] The systems, methods and devices of the disclosure each have several
innovative aspects, no single one of which is solely responsible for the desirable

attributes disclosed herein.

[0006] One innovative aspect of the subject matter described in this disclosure can
be implemented in an apparatus that includes an ultrasonic receiver for detecting
ultrasonic energy received at a first surface of the ultrasonic receiver. The ultrasonic
receiver includes an array of pixel circuits disposed on a substrate, each pixel circuit in
the array including at least one thin film transistor (TFT) element and having a pixel
input electrode electrically coupled to the pixel circuit. The ultrasonic receiver is
fabricated by forming a piezoelectric layer so as to be in electrical contact with the pixel
input electrodes. Forming the piezoelectric layer includes coating a solution containing
a polymer onto the array of pixel circuits, crystallizing the polymer to form a

crystallized polymer layer and poling the crystallized polymer layer.

[0007] In an implementation, the pixel input electrode may be formed from a

conductive film.

[0008] In another implementation, forming the piezoelectric layer may include

coating an adhesion promoter onto the array of pixel circuits.

[0009] In a further implementation, coating the solution containing the polymer may
be performed by spin coating, slot coating, dipping, dispensing, spraying, or another

coating process.
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[0010] In yet another implementation, the polymer may include a ferroelectric
polymer. The polymer may have a characteristic Curie temperature and a melting point,
and crystallizing the polymer may include baking the polymer at a temperature between

the Curie temperature and the melting point for at least one hour.

[0011] In another implementation, a conductive material may be applied to
electrically short terminals of the pixel circuits to ground prior to the poling. The

conductive material may be a conductive rubber or a conductive ink.

[0012] In a further implementation, the apparatus may include a receiver bias
electrode deposited on the piezoelectric layer. The receiver bias electrode may include
a first sublayer of copper and a second sublayer of nickel. The first sublayer may be
about 150 angstroms thick and the second sublayer of nickel may be about 850

angstroms thick.

[0013] In an implementation, a method for fabricating an ultrasonic receiver
configured to detect ultrasonic energy received at a first surface of the ultrasonic
receiver includes forming a piezoelectric layer so as to be in electrical contact with pixel
input electrodes, where the ultrasonic receiver includes an array of pixel circuits
disposed on a substrate, each pixel circuit in the array including at least one thin film
transistor (TFT) element and having a pixel input electrode electrically coupled to the
pixel circuit. Forming the piezoelectric layer includes coating a solution containing a
polymer onto the array of pixel circuits, crystallizing the polymer to form a crystallized
polymer layer and poling the crystallized polymer layer. Poling may include applying
an electric field with a field strength between 150 and 200 volts per micron through the

polymer layer.

[0014] In an implementation, an apparatus includes an ultrasonic transmitter, a
platen and an ultrasonic receiver disposed between the ultrasonic transmitter and the
platen, the ultrasonic receiver including an array of pixel circuits disposed on a
substrate, each pixel circuit in the array including a thin film transistor (TFT) element
and having a pixel input electrode electrically coupled to the pixel circuit, the ultrasonic
receiver being configured to detect ultrasonic energy reflected from an object in contact
with the platen, the reflected ultrasonic energy resulting from interaction of ultrasonic

energy emitted by the ultrasonic transmitter and the object, the ultrasonic receiver
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including a piezoelectric layer disposed between the array of pixel circuits and the
platen. The piezoelectric layer is in electrical contact with the pixel input electrodes.
The piezoelectric layer is formed by: coating a solution containing a polymer onto the
array of pixel circuits, crystallizing the polymer to form a crystallized polymer layer,

and poling the crystallized polymer coating.

[0015] In an implementation, an apparatus includes an ultrasonic receiver for
detecting ultrasonic energy received at a first surface of the ultrasonic sensor. The
ultrasonic sensor includes an array of pixel circuits disposed on a substrate, each pixel
circuit in the array including at least one thin film transistor (TFT) element and having a
pixel input electrode electrically coupled to the pixel circuit, and a piezoelectric layer in
electrical contact with the pixel input electrodes. The piezoelectric layer includes a

poled crystallized polymer layer.

[0016] Details of one or more implementations of the subject matter described in
this specification are set forth in the accompanying drawings and the description below.
Other features, aspects, and advantages will become apparent from the description, the
drawings, and the claims. Note that the relative dimensions of the following figures

may not be drawn to scale.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] Details of one or more implementations of the subject matter described in
this specification are set forth in the accompanying drawings and the description below.
Other features, aspects, and advantages will become apparent from the description, the
drawings, and the claims. Note that the relative dimensions of the following figures

may not be drawn to scale.

[0018] Like reference numbers and designations in the various drawings indicate

like elements.

[0019] Figures 1A—1C show an example of a schematic diagram of an ultrasonic

sensor system.

[0020] Figure 2 shows an example of an exploded view of an ultrasonic sensor

System.
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[0021] Figure 3A shows an example of a 4 x 4 pixel array of pixels for an ultrasonic

Sensor.

[0022] Figure 3B shows an example of a high-level block diagram of an ultrasonic

sensor system.

[0023] Figure 4 shows several views of an example of an ultrasonic sensor system

according to an implementation.

[0024] Figure 5 shows an example of a process flow for fabricating an ultrasonic

receiver, according to an implementation.

[0025] Figure 6 illustrates an example implementation of an adhesion promoter

application process.

[0026] Figure 7 illustrates an example implementation of a coating and

crystallization process.
[0027] Figure 8 illustrates an example implementation of a poling process.
[0028] Figure 9 illustrates an example implementation of a metallization process.

[0029] Like reference numbers and designations in the various drawings indicate like

elements.

DETAILED DESCRIPTION

[0030] The following description is directed to certain implementations for the
purposes of describing the innovative aspects of this disclosure. However, a person
having ordinary skill in the art will readily recognize that the teachings herein can be
applied in a multitude of different ways. The described implementations may be
implemented in any device, apparatus, or system for ultrasonic sensing. In addition, it is
contemplated that the described implementations may be included in or associated with
a variety of electronic devices such as, but not limited to: mobile telephones, multimedia
Internet enabled cellular telephones, mobile television receivers, wireless devices,
smartphones, Bluetooth® devices, personal data assistants (PDAs), wireless electronic

mail receivers, hand-held or portable computers, netbooks, notebooks, smartbooks,
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tablets, printers, copiers, scanners, facsimile devices, global positioning system (GPS)
receivers/navigators, cameras, digital media players (such as MP3 players), camcorders,
game consoles, wrist watches, clocks, calculators, television monitors, flat panel
displays, electronic reading devices (e.g., e-readers), computer monitors, auto displays
(including odometer and speedometer displays, etc.), cockpit controls and/or displays,
camera view displays (such as the display of a rear view camera in a vehicle), electronic
photographs, electronic billboards or signs, projectors, architectural structures,
microwaves, refrigerators, stereo systems, cassette recorders or players, DVD players,
CD players, VCRs, radios, portable memory chips, washers, dryers, washer/dryers,
parking meters, packaging (such as in electromechanical systems (EMS) applications
including microelectromechanical systems (MEMS) applications, as well as non-EMS
applications), aesthetic structures (such as display of images on a piece of jewelry or
clothing) and a variety of EMS devices. The teachings herein also can be used in
applications such as, but not limited to, electronic switching devices, radio frequency
filters, sensors, accelerometers, gyroscopes, motion-sensing devices, magnetometers,
inertial components for consumer electronics, parts of consumer electronics products,
varactors, liquid crystal devices, electrophoretic devices, drive schemes, manufacturing
processes and electronic test equipment. Thus, the teachings are not intended to be
limited to the implementations depicted solely in the Figures, but instead have wide

applicability as will be readily apparent to one having ordinary skill in the art.

[0031] Particular implementations of the subject matter described in this disclosure
can be implemented to realize one or more of the following potential advantages.
Compared to ultrasonic fingerprint sensors that have a focused transducer positioned by
an electromechanical actuator motor to generate images, the presently disclosed
techniques provide for a large-area fingerprint sensor that may be advantageously
employed in mobile applications, for example. By avoiding an electromechanical

actuator motor, the expense mass and volume of the fingerprint sensor may be reduced.

[0032] Instead, a thin film transistor (TFT) substrate having addressable sensing
clements is coated with a piezoelectric film, to create an area array ultrasonic sensor.
More particularly, a piezoelectric layer is formed so as to be in electrical contact with
clements of the TFT substrate. Particular techniques are described for forming the

piezoelectric layer so as to avoid damage to sensitive elements of the TFT substrate.
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[0033] The implementations described herein relate to an ultrasonic sensor that
includes an array of pixel circuits electrically connected or otherwise coupled to a
piezoelectric layer. The piezoelectric layer may be formed by coating a solution
containing a copolymer onto a first side of the array. The copolymer may be
crystallized to form a crystallized copolymer layer. The crystallized copolymer layer
may then be poled in order to create the piezoelectric layer. Advantageously, the
piezoelectric layer is fabricated on, and disposed in direct electrical contact with, the
array of pixel circuits. For example, where each pixel circuit includes one or more thin
film transistor (TFT) elements, a pixel input electrode of the pixel circuit is electrically

coupled to the piezoelectric layer.

[0034] Figures 1A—1C show an example of a schematic diagram of an ultrasonic
sensor system. As shown in Figure 1A, ultrasonic sensor system 10 includes an
ultrasonic transmitter 20 and an ultrasonic receiver 30 under a platen 40. The ultrasonic
transmitter 20 may be a piezoelectric transmitter that can generate ultrasonic waves 21
(see Figure 1B). The ultrasonic receiver 30 includes a piezoelectric material and an
array of pixel circuits disposed on a substrate. In operation, the ultrasonic transmitter 20
generates an ultrasonic wave 21 that travels through the ultrasonic receiver 30 to the
exposed surface 42 of the platen 40. At the exposed surface 42 of the platen 40, the
ultrasonic energy may cither be absorbed or scattered by an object 25 that is in contact
with the platen 40, such as the skin of a fingerprint ridge 28, or reflected back. In those
locations where air contacts the exposed surface 42 of the platen 40, e.g., valleys 27
between fingerprint ridges 28, most of the ultrasonic wave 21 will be reflected back
toward the ultrasonic receiver 30 for detection (see Figure 1C). Control electronics 50
may be coupled to the ultrasonic transmitter 20 and ultrasonic receiver 30 and may
supply timing signals that cause the ultrasonic transmitter 20 to generate one or more
ultrasonic waves 21. The control electronics 50 may then receive signals from the
ultrasonic receiver 30 that are indicative of reflected ultrasonic energy 23. The control
electronics 50 may use output signals received from the ultrasonic receiver 30 to
construct a digital image of the object 25. In some implementations, the control
electronics 50 may also, over time, successively sample the output signals to detect

movement of the object 25.

[0035] Figure 2 shows an example of an exploded view of an ultrasonic sensor



10

15

20

25

30

WO 2014/197274 PCT/US2014/039985

system 10 including an ultrasonic transmitter 20 and an ultrasonic receiver 30 under a
platen 40. The ultrasonic transmitter 20 may be a plane wave generator including a
substantially planar piezoelectric transmitter layer 22. Ultrasonic waves may be
generated by applying a voltage to the pieroclectric layer to expand or contract the
layer, depending upon the signal applied, thereby generating a plane wave. The voltage
may be applied to the piezoelectric transmitter layer 22 via a first transmitter electrode
24 and a second transmutter clectrode 26. In this fashion, an ultrasonic wave may be
made by changing the thickness of the layer. This ultrasonic wave travels toward a
finger {or other object to be detected), passing through the platen 40. A portion of the
wave not absorbed by the object to be detected may be reflected so as to pass back
through the platen 40 and be received by the ultrasonic receiver 30, The first and
second transmitter electrodes 24 and 26 may be metallized electrodes, for example,

metal layers that coat opposing sides of the piezoelectric transmitter layer 22.

[0036] The ultrasonic receiver 30 may include an array of pixel circuits 32 disposed
on a substrate 34, which also may be referred to as a backplane, and a piezoelectric
receiver layer 36. In some implementations, each pixel circuit 32 may include one or
more TFT elements and, in some implementations, one or more additional circuit
clements such as diodes, capacitors, and the like. Each pixel circuit 32 may be
configured to convert an electric charge generated in the piezoelectric receiver layer 36
proximate to the pixel circuit into an electrical signal. Each pixel circuit 32 may include
a pixel input electrode 38 that electrically couples the piezoelectric receiver layer 36 to
the pixel circuit 32. In the illustrated implementation, a receiver bias electrode 39 is
disposed on a side of the piezoelectric receiver layer 36 proximal to platen 40. The
receiver bias electrode 39 may be a metallized electrode and may be grounded or biased
to control which signals are passed to the TFT array. Ultrasonic energy that is reflected
from the exposed (top) surface of the platen 40 is converted into localized electrical
charges by the piezoelectric receiver layer 36. These localized charges are collected by
the pixel input electrodes 38 and are passed on to the underlying pixel circuits 32. The
charges are amplified by the pixel circuits 32 and then provided to the control
electronics, which processes the amplified signals. A simplified schematic of an
example pixel circuit 32 is shown in Figure 3A, however one of ordinary skill in the art
will appreciate that many variations of and modifications to the example pixel circuit 32

shown in the simplified schematic may be contemplated.
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[0037] Control electronics 50 may be electrically connected with the first
transmitter electrode 24 and the second transmitter electrode 26, as well as with the
receiver bias electrode 39 and the pixel circuits 32 on the substrate 34. The control
electronics 50 may operate substantially as discussed previously with respect to Figures

1A-1C.

[0038] The platen 40 can be any appropriate material that can be acoustically
coupled to the receiver, with examples including plastic, ceramic and glass. In some
implementations, the platen 40 can be a cover plate, e.g., a cover glass or a lens glass for
a display. Detection and imaging can be performed through relatively thick platens if

desired, e.g., 3 mm and above.

[0039] Examples of piezoelectric materials that may be employed according to
various implementations include piezoelectric polymers having appropriate acoustic
properties, for example, an acoustic impedance between about 2.5 MRayls and

5 MRayls. Specific examples of piezoelectric materials that may be employed include
ferroelectric polymers such as polyvinylidene fluoride (PVDF) and polyvinylidene
fluoride-trifluoroethylene (PVDF-TtFE) copolymers. Examples of PVDF copolymers
include 60:40 (molar percent) PVDF-TrFE, 70:30 PVDF-TrFE, 80:20 PVDF-TrFE, and
90:10 PVDR-TtFE. Other examples of piezoelectric materials that may be employed
include polyvinylidene chloride (PVDC) homopolymers and copolymers,
polytetrafluoroethylene (PTFE) homopolymers and copolymers, and
diisopropylammonium bromide (DIPAB).

[0040] The thickness of each of the piczoelectric transmitter layer 22 and the
piezoelectric receiver layer 36 may be selected so as to be suitable for generating and
receiving ultrasonic waves. In one example, a PVDF piezoelectric transmitter layer 22
is approximately 28 um thick and a PVDF-TrFE receiver layer 36 is approximately 12
um thick. Example frequencies of the ultrasonic waves are in the range of 5 MHz to 30

MHz, with wavelengths on the order of a quarter of a millimeter or less.

[0041] Figures 1A through 1C and 2 show example arrangements of ultrasonic
transmitters and receivers in an ultrasonic sensor system, with other arrangements
possible. For example, in some implementations, the ultrasonic transmitter 20 may be

above the ultrasonic receiver 30, i.e., closer to the object of detection. In some
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implementations, the ultrasonic sensor system may include an acoustic delay layer. For
example, an acoustic delay layer can be incorporated into the ultrasonic sensor system
10 between the ultrasonic transmitter 20 and the ultrasonic receiver 30. Awn acoustic
delay layer can be employed to adjust the ultrasonic pulse timing, and at the same time
electrically insulate the ultrasonic receiver 30 from the ultrasonic transmitter 20. The
delay layer may have a substantially uniform thickness, with the material used for the
delay layer and/or the thickness of the delay layer selected to provide a desired delay in
the time for reflected ultrasonic energy to reach the ultrasonic receiver 30. In doing so,
the range of time during which an energy pulse that carries information about the object
by virtue of haviog been retlected by the object may be wade to arrive at the ultrasonic
receiver 30 during a time range when it 18 unlikely that energy reflected from other parts
of the ulirasounic sensor systern 10 18 arniving at the ultrasonic receiver 30, In some
implementations, the THFT substrate 34 and/or the platen 40 may serve as an acoustic

delay layer.

[0042] Figure 3A depicts a 4 x 4 pixel array of pixels for an ultrasonic receiver.
Each pixel may, for example, be associated with a local region of piezoelectric sensor
material, a peak detection diode and a readout transistor; many or all of these elements
may be formed on or in the backplane to form the pixel circuit. In practice, the local
region of piezoelectric sensor material of each pixel may transduce received ultrasonic
energy into electrical charges. The peak detection diode may register the maximum
amount of charge detected by the local region of piezoelectric sensor material. Each
row of the pixel array may then be scanned, e.g., through a row select mechanism, a
gate driver, or a shift register, and the readout transistor for each column may be
triggered to allow the magnitude of the peak charge for each pixel to be read by
additional circuitry, e.g., a multiplexer and an A/D converter. The pixel circuit may

include one or more TFTs to allow gating, addressing, and resetting of the pixel.

[0043] Each pixel circuit 32 may provide information about a small portion of the
object detected by the ultrasonic sensor system 10. While, for convenience of
illustration, the example shown in Figure 3A is of a relatively coarse resolution,
ultrasonic sensor systems having a resolution on the order of 500 pixels per inch or
higher that are configured with a layered structure substantially similar to that shown in

Figure 2 have been demonstrated by the present inventors. The detection area of the

10
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ultrasonic sensor system 10 may be selected depending on the intended object of
detection. For example, the detection area may range from 5 mm x 5 mm for a single
finger to 3 inches x 3 inches for four fingers. Smaller and larger areas may be used as

appropriate for the object.

[0044] Figure 3B shows an example of a high-level block diagram of an ultrasonic
sensor system. Many of the elements shown may form part of control electronics 50
(see Figure 2). A sensor controller may include a control unit that is configured to
control various aspects of the sensor system, e.g., ultrasonic transmitter timing and
excitation waveforms, bias voltages for the ultrasonic receiver and pixel circuitry, pixel
addressing, signal filtering and conversion, readout frame rates, and so forth. The
sensor controller may also include a data processor that receives data from the ultrasonic
sensor circuit pixel array. The data processor may translate the digitized data into image
data of a fingerprint or format the data for further processing. In some embodiments,
the digitized data is translated into image data of one or more objects other than a finger
or for purposes other than obtaining a fingerprint. For example, an image of a palm, an
ear, a face, an inanimate object, or one or more other objects may be obtained and/or

processed.

[0045] For example, the control unit may send a transmitter (Tx) excitation signal to
a Tx driver at regular intervals to cause the Tx driver to excite the ultrasonic transmitter
and produce planar ultrasonic waves. The control unit may send level select input
signals through a receiver (Rx) bias driver to bias the receiver bias electrode and allow
gating of acoustic signal detection by the pixel circuitry. A demultiplexer may be used
to turn on and off gate drivers that cause a particular row or column of sensor pixel
circuits to provide output signals. Output signals from the pixels may be sent through a
charge amplifier, a filter such as an RC filter or an anti-aliasing filter, and a digitizer to
the data processor. Note that portions of the system may be included on the TFT

backplane and other portions may be included in an associated integrated circuit.

[0046] Some implementations described herein relate to an ultrasonic receiver
including a piezoelectric layer. Figure 4 shows several views of an example of an
ultrasonic receiver, according to an implementation. Ultrasonic receiver 430 may be
configured to detect ultrasonic energy received at a proximal (input) surface of the

receiver. The receiver 430 may include an array of pixel circuits 432 disposed on a

11
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substrate 434. In the illustrated implementation, as shown in the "Plan View", the

receiver 430 has a rectangular form factor; in other implementations, square or ovoid
form factors may be contemplated. In an implementation, the array of pixels may be
configured as a 1500 x 1600 pixel array, and corresponding lateral dimensions of the

sensor may be approximately 3.0 x 3.2 inches.

[0047] The array of pixel circuits 432 may be disposed on a top surface of substrate
434. Each pixel circuit 432 may include one or more TFT elements and may include a

pixel input electrode 438 in electrical contact with an input to the pixel circuit 432. The
pixel input electrode 438 may include a transparent conductive film made, for example,

of indium tin oxide (ITO) or indium zinc oxide (I1ZO).

[0048] In an implementation, the ultrasonic receiver 430 may be fabricated by
forming a piezoelectric layer 436 over the array of pixel circuits 432 and the top surface
of the substrate 434. As will be described in more detail hereinbelow, the piezoelectric
layer 436 may be formed by coating a solution containing a copolymer onto the pixel
circuits 432, crystallizing the copolymer to form a crystallized copolymer layer, and

poling the resulting crystallized copolymer layer to form the piezoelectric layer 436.

[0049] It will be appreciated that, for clarity of illustration, certain features of the
ultrasonic receiver 430 that would ordinarily be present have been omitted. For
example, a receiver bias electrode, such as a conductive layer that is deposited or
otherwise affixed onto a top surface 401 of piczoelectric layer 436, as well as details of

pixel circuits 432, have been omitted.

[0050] Figure 5 shows an example of a process flow for fabricating an ultrasonic
receiver, according to an implementation. Process 500 may begin at block 501 with
coating a solution containing a copolymer onto an array of pixel circuits, for example
pixel circuit array 432. It will be appreciated that the coating may be applied by spin
coating, slot coating, dipping, dispensing, spraying, or any other suitable coating
process. As described in more detail hereinbelow, a coating process may include or be
preceded by application of an adhesion promoter to the array of pixel circuits.
Moreover, the coating process may include or be followed by a drying process. In some
implementations, the coating process may include coating a solution containing a

copolymer onto the TFT backplane.

12
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[0051] At block 502, the copolymer may be crystallized. As described in more
detail hereinbelow, a crystallization process may include a baking procedure. For
example, in some implementations, the pixel circuit array 432 and substrate 438, after
being coated with the copolymer, are raised to a temperature above the Curie
temperature of the copolymer, but below the melting point of the copolymer. One
skilled in the art will appreciate that when a copolymer is held at such a temperature for

a sufficient length of time, crystallization of the copolymer will result.

[0052] At block 503, the crystallized copolymer may be poled so as to form the
piezoelectric layer. As described in more detail hereinbelow, a poling process may
include applying a strong electric field across the material so as to align dipoles of the
copolymer in a desired orientation. A desired strength of the electric field may vary
with the thickness of the crystallized copolymer coating. For example, in some
implementations, an electric field strength of approximately 150-200 volts per micron of

coating thickness has been found to be effective in forming a piezoelectric layer.

[0053] At block 504, optionally, a surface of the piezoelectric layer may be
metallized so as to form a receiver bias electrode. As described in more detail
hereinbelow, the receiver bias electrode may include a metallized layer such as a first
sublayer of copper upon which a second sublayer of nickel is deposited. Alternatively,

a layer of silver ink may be disposed on the surface of the piezoelectric layer.

[0054] In order to provide a better understanding of certain benefits and features of
the presently disclosed techniques, details of some implementations of particular
fabrication processes will be described. It will be appreciated that the specific
implementations disclosed are examples, and that many possible variations and

modifications thereof are within the contemplation of the present disclosure.

[0055] Figure 6 illustrates an example implementation of an adhesion promoter
application process that may precede or be included in the process 501 for coating a
copolymer onto a pixel circuit array and substrate. Adhesion promoter application
process 600 may be advisable taking into account that fluorinated compounds such as
many of the copolymers contemplated by the present disclosure have very poor
adhesive characteristics. An assembly 601, including a pixel circuit array and a

substrate, may enter the process 600 by way of baking operation 602. Baking operation
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602 may be performed to help ensure that there are no oils or moisture left from prior
processing that may impede good results in coating operation 605. Baking operation

602 may be performed under a partial or substantially total vacuum.

[0056] Subsequent to baking operation 602, a coating operation 605 may be
performed. Coating operation 605 may result in application of an adhesion promoter
603 to selected surfaces of assembly 601. The adhesion promoter 603, in some
implementations, may be a solution of silane or hexamethyldisilazane (HMDS) in
methanol 604. For example, a 0.25% solution of HMDS has been found to be effective
in increasing a bond strength between surfaces of assembly 601 and the copolymer. The

adhesion promoter 603 may be applied by spin coating or other means.

[0057] Subsequent to coating operation 605, process 600 may continue with a
drying operation 606 to evaporate the methanol 604 and otherwise prepare assembly
601 for subsequent processes. In some implementations, water is a curing agent for the
adhesion promoter, and the drying operation may be performed in a humid environment,

for example at a relative humidity above 60%.

[0058] Figure 7 illustrates an example implementation of a coating and
crystallization process. Process 700 may be performed in connection with or instead of
coating process 501 and crystallization process 502, for example. During coating
operation 701, a copolymer layer is applied to assembly 601. The copolymer may
include PVDF-TrFE at a molar percent ratio of about 80-20, 70-30 or 90-10.

[0059] Following coating operation 701, a measurement of the thickness of the
copolymer coating may be performed. For example, a thickness of a sublayer deposited
by coating operation 701 may be 3-4 um for example, whereas a total coating thickness
of about 10—12 um may be desired. Accordingly, crystallization process 700
contemplates that a determination made at decision block 702 will result in repeating
coating operation 701 one or more times. Between depositing each sublayer, a partial
crystallization operation 703 may be performed. The partial crystallization operation
703 may include raising the temperature of assembly 601 to a temperature above the
Curie temperature of the copolymer, but below the melting point of the copolymer. In
some implementations, the Curie temperature of the copolymer may be 135°C and the

melting point may be 150°C. In an example process, therefore, assembly 601 may be
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held at a temperature of 135°C for a period of time sufficient to achieve partial, but not
complete, crystallization. Desirably, the partial crystallization causes a preceding
sublayer deposited by coating operation 701 to be relatively insoluble during a
subsequent coating operation 701. It will be appreciated that a sufficient period of time
for partial crystallization will depend, inter alia, on the composition of the copolymer.
In some implementations, for a molar percent ratio of 70-30, for example, thirty minutes
has been found to be sufficient, whereas for a molar percent ratio of 80-20, one hour

may be preferable.

[0060] When a determination is made at decision block 702 that the desired total
coating thickness has been obtained, process 700 may proceed to block 704 and finish
crystallization of the copolymer by raising the temperature of assembly 601 to a
temperature above the Curie temperature of the copolymer, but below the melting point
of the copolymer for a period of time sufficient to allow crystallization to reach a point
at which the copolymer is capable of becoming a piezoelectric material. Operation 704
may complete the transformation of the copolymer from an amorphous material to a
crystalline material that was initiated at block 703. Details of operation 704 may
depend upon the exact copolymer used (molar ratio of PVDF to TrFE, for example).
For the 70-30 copolymer, 135C for 3 hours has been found to be effective, whereas for
the 80-20 copolymer 135C for 12 hours has been found to be effective.

[0061] In an implementation, operation 704 results in achieving a crystallization
state such that the average crystal size is greater than a dipole domain length and less
than a size that will not be able to orient in an electric field. It will be appreciated that
the optimum time and temperature conditions may be determined in a laboratory using,
for example, differential scanning calorimetry to plot phase changes versus time for a

constantly increasing (or decreasing) temperature.

[0062] Figure 8 illustrates an example implementation of a poling process 800 that
may be applied to the copolymer so as to form a piezoelectric layer. Process 800 may
be performed in connection with or instead of process 503, for example. As noted
above, a poling process may include applying a strong electric field across the material
s0 as to align dipoles of the copolymer in a desired orientation. To protect the array of
pixel circuits that may include a number of voltage-sensitive components including

TFTs, poling process 800 may include precautions that protect the voltage-sensitive
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components. For example, a conductive material 801 may be applied to electrically
short input and output terminals of the pixel circuits to ground. Conductive material
801 may be a conductive rubber or silver ink compound, for example. In some
implementations, the conductive material may be approximately coplanar with and
extend circumferentially around pixel circuit array 432. For example, at block 802, a

guard ring and/or a shorting bar of conductive rubber or silver ink may be provided.

[0063] At block 803, a poling operation is executed. In some implementations, a
field strength of approximately 150-200 volts per micron of coating thickness is applied
in a dry partial vacuum with an array of needles and a copper grid. Subsequent to
poling, the guard ring and/or shorting bar may be removed. For example, the silver ink
compound may be removed by application of a reagent such as isopropyl alcohol or
other reagent in which the silver ink is soluble. In some embodiments utilizing a guard
ring, the guard ring is removed during a dicing process, for example by cutting the ring

off when cutting the TFT glass.

[0064] Figure 9 illustrates an example implementation of a metallization process
900 that may be applied to the piezoelectric layer so as to form the receiver bias
electrode. Process 900 may be performed in connection with or instead of process 504,
for example. At block 901, a masking operation may be executed to prevent
metallization from occurring in undesired areas. For example, an active area of the
piezoelectric layer may be metallized at block 903 by depositing a sputtered metal 902
through a shadow mask, which occludes portions of the pixel circuit array and/or the
substrate to avoid depositing metal on the occluded portions. The resulting receiver bias
electrode may include a first sublayer of copper, upon which a second sublayer of nickel
is deposited. In some implementations, the copper sublayer may have a thickness of
about 150A whereas the nickel sublayer may have a thickness of about 850 A. In other
implementations one or more sublayers of copper/nickel, aluminum, titanium,
chromium/nickel, chromium/molybdenum, and gold have been combined in various

thicknesses.

[0065] One or more operations of the fabrication methods described in this
disclosure can be implemented in apparatus including one or more stations or modules
for placing one or more components, bonding two or more components together,

preparing and applying coatings, and/or dispensing conductive inks or epoxies, and a
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controller including program instructions for conducting the fabrication methods. In
some implementations, a controller may include one or more memory devices and one
or more processors configured to execute the program instructions so that the apparatus
can perform a method in accordance with the disclosed implementations. The processor
may include a central processing unit (CPU) or a computer, analog and/or digital
input/output connections, motor controller boards, and other like components. Program
instructions for implementing appropriate process operations may be executed on or by
the processor. These program instructions may be stored on the memory devices or
other machine-readable media associated with the controller or they may be provided

over a network.

[0066] In some implementations, the controller may control all, most, or a subset of
the operations of an apparatus. For example, the controller may control all or most the
operations of an associated with dispensing of a conductive ink or laminating an
adhesive. The controller may execute system control software including sets of
instructions for controlling the timing of the process operations, pressure levels,
temperature levels and other parameters of particular manufacturing processes further
described with respect to Figures 5 through 9. In some implementations, other
computer programs, scripts, or routines stored on memory devices associated with the

controller may be employed.

[0067] In some implementations, a user interface may be associated with the
controller. The user interface may include a display screen, graphical software to
display process conditions, and user input devices such as pointing devices, keyboards,

touch screens, microphones, and other like components.

[0068] In some implementations, the program instructions for controlling the
operations of an apparatus may include computer program code written in any
conventional computer readable programming language, such as, for example, assembly
language, C, C++, Pascal, FORTRAN, or others. Compiled object code or script may
be executed by the processor of the controller to perform the tasks identified in the

program instructions.

[0069] In some implementations, signals for monitoring a manufacturing process

may be provided by analog and/or digital input connections of the controller. Signals
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for controlling a manufacturing process may be output on analog and/or digital output

connections of the controller.

[0070] The various illustrative logics, logical blocks, modules, circuits and
algorithm steps described in connection with the implementations disclosed herein may
be implemented as electronic hardware, computer software, or combinations of both.
The interchangeability of hardware and software has been described generally, in terms
of functionality, and illustrated in the various illustrative components, blocks, modules,
circuits and steps described above. Whether such functionality is implemented in
hardware or software depends upon the particular application and design constraints

imposed on the overall system.

[0071] The hardware and data processing apparatus used to implement the various
illustrative logics, logical blocks, modules and circuits described in connection with the
aspects disclosed herein may be implemented or performed with a general purpose
single- or multi-chip processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, or, any conventional
processor, controller, microcontroller, or state machine. A processor also may be
implemented as a combination of computing devices, such as a combination of a DSP
and a microprocessor, a plurality of microprocessors, one or more microprocessors in
conjunction with a DSP core, or any other such configuration. In some
implementations, particular steps and methods may be performed by circuitry that is

specific to a given function.

[0072] In one or more aspects, the functions described may be implemented in
hardware, digital electronic circuitry, computer software, firmware, including the
structures disclosed in this specification and their structural equivalents thereof, or in
any combination thereof. Implementations of the subject matter described in this
specification also can be implemented as one or more computer programs, i.¢., one or
more modules of computer program instructions, encoded on a computer storage media

for execution by, or to control the operation of, apparatus.
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[0073] If implemented in software, the functions may be stored on or transmitted
over as one or more instructions or code on a computer-readable medium. The steps of
a method or algorithm disclosed herein may be implemented in a processor-executable
software module which may reside on a computer-readable medium. Computer-
readable media includes both computer storage media and communication media
including any medium that can be enabled to transfer a computer program from one
place to another. A storage media may be any available media that may be accessed by
a computer. By way of example, and not limitation, such computer-readable media may
include RAM, ROM, EEPROM, CD-ROM or other optical disk storage, magnetic disk
storage or other magnetic storage devices, or any other medium that may be used to
store desired program code in the form of instructions or data structures and that may be
accessed by a computer. Also, any connection can be properly termed a computer-
readable medium. Disk and disc, as used herein, includes compact disc (CD), laser disc,
optical disc, digital versatile disc (DVD), floppy disk, and blue-ray disc where disks
usually reproduce data magnetically, while discs reproduce data optically with lasers.
Combinations of the above also may be included within the scope of computer-readable
media. Additionally, the operations of a method or algorithm may reside as one or any
combination or set of codes and instructions on a machine readable medium and
computer-readable medium, which may be incorporated into a computer program

product.

[0074] Thus, an ultrasonic receiver having an array of pixel circuits coated with a
polymeric piezoelectric layer has been disclosed. While various embodiments have
been described herein, it should be understood that they have been presented by way of
example only, and not limitation. It will thus be appreciated that those skilled in the art
will be able to devise numerous systems and methods which, although not explicitly
shown or described herein, embody said principles of the invention and are thus within

the spirit and scope of the invention as defined by the following claims.

[0075] As used herein, a phrase referring to “at least one of” a list of items refers to
any combination of those items, including single members. As an example, “at least

one of: a, b, or ¢” is intended to cover: a, b, ¢, a-b, a-¢, b-¢, and a-b-c.

[0076] Various modifications to the implementations described in this disclosure

may be readily apparent to those skilled in the art, and the generic principles defined
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herein may be applied to other implementations without departing from the spirit or
scope of this disclosure. Thus, the claims are not intended to be limited to the
implementations shown herein, but are to be accorded the widest scope consistent with
this disclosure, the principles and the novel features disclosed herein. Additionally, a
person having ordinary skill in the art will readily appreciate, the terms “upper” and
“lower” are sometimes used for ease of describing the figures, and indicate relative
positions corresponding to the orientation of the figure on a properly oriented page, and

may not reflect the proper orientation of a component as implemented.

[0077] Certain features that are described in this specification in the context of
separate implementations also can be implemented in combination in a single
implementation. Conversely, various features that are described in the context of a
single implementation also can be implemented in multiple implementations separately
or in any suitable subcombination. Moreover, although features may be described
above as acting in certain combinations and even initially claimed as such, one or more
features from a claimed combination can in some cases be excised from the
combination, and the claimed combination may be directed to a subcombination or

variation of a subcombination.

[0078] Similarly, while operations are depicted in the drawings in a particular order,
a person having ordinary skill in the art will readily recognize that such operations need
not be performed in the particular order shown or in sequential order, or that all
illustrated operations be performed, to achieve desirable results. Further, the drawings
may schematically depict one more example processes in the form of a flow diagram.
However, other operations that are not depicted can be incorporated in the example
processes that are schematically illustrated. For example, one or more additional
operations can be performed before, after, simultaneously, or between any of the
illustrated operations. In certain circumstances, multitasking and parallel processing
may be advantageous. Moreover, the separation of various system components in the
implementations described above should not be understood as requiring such separation
in all implementations, and it should be understood that the described program
components and systems can generally be integrated together in a single software
product or packaged into multiple software products. Additionally, other

implementations are within the scope of the following claims. In some cases, the
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actions recited in the claims can be performed in a different order and still achieve

desirable results.
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CLAIMS

What is claimed is:
1. An apparatus comprising:

an ultrasonic receiver for detecting ultrasonic energy received at a first surface
of the ultrasonic receiver, the ultrasonic receiver including an array of pixel circuits
disposed on a substrate, each pixel circuit in the array including at least one thin film
transistor (TFT) element and having a pixel input electrode electrically coupled to the

pixel circuit, wherein the ultrasonic receiver is fabricated by:

forming a piezoelectric layer so as to be in electrical contact with the

pixel input electrodes, wherein forming the piezoelectric layer includes:

coating a solution containing a polymer onto the array of pixel

circuits;

crystallizing the polymer to form a crystallized polymer layer;

and

poling the crystallized polymer layer.

2. The apparatus of claim 1, wherein the pixel input electrode is formed from a

conductive film.

3. The apparatus of claim 1, wherein forming the piezoelectric layer includes coating an

adhesion promoter onto the array of pixel circuits.

4. The apparatus of claim 1, wherein coating the solution containing the polymer is
performed by spin coating, slot coating, dipping, dispensing, spraying, or another

coating process.
5. The apparatus of claim 1, wherein the polymer includes a ferroelectric polymer.

6. The apparatus of claim 1, wherein the polymer has a characteristic Curie temperature
and a melting point, and crystallizing the polymer includes baking the polymer at a

temperature between the Curie temperature and the melting point for at least one hour.
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7. The apparatus of claim 1, wherein a conductive material is applied to electrically

short terminals of the pixel circuits to ground prior to the poling.

8. The apparatus of claim 7, wherein the conductive material is a conductive rubber or a

conductive ink.

9. The apparatus of claim 1, further including a receiver bias electrode deposited on the

piezoelectric layer.

10. The apparatus of claim 9, wherein the receiver bias electrode includes a first

sublayer of copper and a second sublayer of nickel.

11. The apparatus of claim 10, wherein the first sublayer is about 150 angstroms thick

and the second sublayer of nickel is about 850 angstroms thick.
12. An apparatus comprising:

means for detecting received ultrasonic energy wherein:

an array of pixel circuits is disposed on a substrate, each pixel circuit in
the array including at least one thin film transistor (TFT) element and having a

pixel input electrode electrically coupled to the pixel circuit; and

a piezoelectric layer is formed so as to be in electrical contact with the

pixel input electrodes by:

coating a solution containing a polymer onto the array of pixel

circuits;

crystallizing the polymer to form a crystallized polymer layer;

and

poling the crystallized polymer layer.

13. The apparatus of claim 12, wherein coating the solution containing the polymer is
performed by spin coating, slot coating, dipping, dispensing, spraying, or another

coating process.

14. The apparatus of claim 12, wherein the polymer includes a ferroelectric polymer.
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15. A method for fabricating an ultrasonic receiver configured to detect ultrasonic
energy received at a first surface of the ultrasonic receiver, the ultrasonic receiver
including an array of pixel circuits disposed on a substrate, each pixel circuit in the
array including at least one thin film transistor (TFT) element and having a pixel input

5  electrode electrically coupled to the pixel circuit, the method comprising;:

forming a piezoelectric layer so as to be in electrical contact with the

pixel input electrodes, wherein forming the piezoelectric layer includes:

coating a solution containing a polymer onto the array of pixel
circuits;
10 crystallizing the polymer to form a crystallized polymer layer;

and

poling the crystallized polymer layer.

16. The method of claim 12, wherein the pixel input electrode is formed from a

conductive film.

15  17. The method of claim 12, wherein poling includes applying an electric field with a
field strength between 150 and 200 volts per micron through the polymer layer.

18. A computer-readable storage medium having stored thereon instructions which,
when executed by a computing system, cause the computing system to perform
operations for fabricating an ultrasonic receiver configured to detect ultrasonic energy

20  received at a first surface of the ultrasonic receiver, the ultrasonic receiver including an
array of pixel circuits disposed on a substrate, each pixel circuit in the array including at
least one thin film transistor (TFT) element and having a pixel input electrode

electrically coupled to the pixel circuit, the operations comprising
forming a piezoelectric layer so as to be in electrical contact with the
25 pixel input electrodes, wherein forming the piezoelectric layer includes:

coating a solution containing a polymer onto the array of pixel

circuits;

crystallizing the polymer to form a crystallized polymer layer;

and
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poling the crystallized polymer layer.

19. The computer-readable storage medium of claim 18, wherein forming the
piezoelectric layer includes coating an adhesion promoter onto the array of pixel

circuits.

5  20. The computer-readable storage medium of claim 18, wherein a conductive material
is applied to electrically short terminals of the pixel circuits to ground prior to the

poling.
21. An apparatus comprising:

an ultrasonic transmitter;
10 a platen; and

an ultrasonic receiver disposed between the ultrasonic transmitter and the platen,
the ultrasonic receiver including an array of pixel circuits disposed on a substrate, each
pixel circuit in the array including a thin film transistor (TFT) element and having a
pixel input electrode electrically coupled to the pixel circuit, the ultrasonic receiver
15  being configured to detect ultrasonic energy reflected from an object in contact with the
platen, the reflected ultrasonic energy resulting from interaction of ultrasonic energy
emitted by the ultrasonic transmitter and the object, the ultrasonic receiver including a

piezoelectric layer disposed between the array of pixel circuits and the platen, wherein:

the piezoelectric layer is in electrical contact with the pixel input

20 electrodes; and
the piezoelectric layer is formed by:

coating a solution containing a polymer onto the array of pixel

circuits;

crystallizing the polymer to form a crystallized polymer layer;
25 and

poling the crystallized polymer coating.
22. An apparatus comprising:

an ultrasonic transmitter;
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a platen; and

means, disposed between the ultrasonic transmitter and the platen, for detecting
ultrasonic energy reflected from an object in contact with the platen, the reflected
ultrasonic energy resulting from interaction of ultrasonic energy emitted by the

5  ultrasonic transmitter and the object, wherein:

an array of pixel circuits is disposed on a substrate, each pixel circuit in
the array including a thin film transistor (TFT) element and having a pixel input

electrode electrically coupled to the pixel circuit; and

a piezoelectric layer is disposed between the array of pixel circuits and
10 the platen, such that the piezoelectric layer is in electrical contact with the pixel

input electrodes and is formed by:

coating a solution containing a polymer onto the array of pixel

circuits;

crystallizing the polymer to form a crystallized polymer layer;
15 and

poling the crystallized polymer coating.
23. A method comprising:

forming a piezoelectric layer by:
coating a solution containing a polymer onto an array of pixel circuits;
20 crystallizing the polymer to form a crystallized polymer layer; and
poling the crystallized polymer coating; and

disposing an ultrasonic receiver between an ultrasonic transmitter and a platen,
the ultrasonic receiver being configured to detect ultrasonic energy reflected from an
object in contact with the platen, the reflected ultrasonic energy resulting from
25  interaction of ultrasonic energy emitted by the ultrasonic transmitter and the object, the

ultrasonic receiver including:
an array of pixel circuits disposed on a substrate; and

the piezoelectric layer disposed between the array of pixel circuits and

the platen; wherein:
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cach pixel circuit in the array includes a thin film transistor (TFT)
clement and has a pixel input electrode electrically coupled to the pixel

circuit, and
the piezoelectric layer is in electrical contact with the pixel input

5 electrodes.

24. A computer-readable storage medium having stored thereon instructions which,
when executed by a computing system, cause the computing system to perform
operations, the operations comprising:
forming a piezoelectric layer by:
10 coating a solution containing a polymer onto an array of pixel circuits;
crystallizing the polymer to form a crystallized polymer layer; and
poling the crystallized polymer coating; and

disposing an ultrasonic receiver between an ultrasonic transmitter and a platen,
the ultrasonic receiver being configured to detect ultrasonic energy reflected from an
15  object in contact with the platen, the reflected ultrasonic energy resulting from
interaction of ultrasonic energy emitted by the ultrasonic transmitter and the object, the

ultrasonic receiver including:
an array of pixel circuits disposed on a substrate; and

the piezoelectric layer disposed between the array of pixel circuits and

20 the platen; wherein:

cach pixel circuit in the array includes a thin film transistor (TFT)
clement and has a pixel input electrode electrically coupled to the pixel

circuit, and

the piezoelectric layer is in electrical contact with the pixel input

25 electrodes.
25. An apparatus comprising:

an ultrasonic receiver for detecting ultrasonic energy received at a first surface
of the ultrasonic sensor, the ultrasonic sensor including an array of pixel circuits

disposed on a substrate, each pixel circuit in the array including at least one thin film
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transistor (TFT) element and having a pixel input electrode electrically coupled to the
pixel circuit, and a piezoelectric layer in electrical contact with the pixel input

electrodes, wherein the piezoelectric layer includes a poled crystallized polymer layer.
26. An apparatus comprising:

means for detecting ultrasonic energy received at a first surface of the ultrasonic
sensor, the ultrasonic sensor including an array of pixel circuits disposed on a substrate,
each pixel circuit in the array including at least one thin film transistor (TFT) element
and having a pixel input electrode electrically coupled to the pixel circuit, and a
piezoelectric layer in electrical contact with the pixel input electrodes, wherein the

piezoelectric layer includes a poled crystallized polymer layer.
27. A method comprising:

detecting ultrasonic energy received at a first surface of the ultrasonic sensor, the
ultrasonic sensor including an array of pixel circuits disposed on a substrate, each pixel
circuit in the array including at least one thin film transistor (TFT) element and having a
pixel input electrode electrically coupled to the pixel circuit, and a piezoelectric layer in
electrical contact with the pixel input electrodes, wherein the piezoelectric layer

includes a poled crystallized polymer layer.

28. A computer-readable storage medium having stored thereon instructions which,
when executed by a computing system, cause the computing system to perform

operations, the operations comprising:

detecting ultrasonic energy received at a first surface of the ultrasonic sensor, the
ultrasonic sensor including an array of pixel circuits disposed on a substrate, each pixel
circuit in the array including at least one thin film transistor (TFT) element and having a
pixel input electrode electrically coupled to the pixel circuit, and a piezoelectric layer in
electrical contact with the pixel input electrodes, wherein the piezoelectric layer

includes a poled crystallized polymer layer.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-5, 9, 12-19, 21-28

An apparatus comprising:

an ultrasonic receiver for detecting ultrasonic energy
received at a first surface of the ultrasonic receiver, the
ultrasonic receiver including an array of pixel circuits
disposed on a substrate, each pixel circuit in the array
including at least one thin film transistor (TFT) element
and having a pixel input electrode electrically coupled to
the pixel circuit, wherein the ultrasonic receiver is
fabricated by:

forming a piezoelectric layer so as to be in electrical
contact with the pixel input electrodes, wherein forming the
piezoelectric layer includes:

coating a solution containing a polymer onto the array of
pixel circuits; crystallizing the polymer to form a
crystallized polymer layer; and poling the crystallized
polymer layer; wherein the piezoelectric Tayer includes
coating an adhesion promoter onto the array of pixel
circuits (dependent claim 3).

2. claim: 6

An apparatus comprising:

an ultrasonic receiver for detecting ultrasonic energy
received at a first surface of the ultrasonic receiver, the
ultrasonic receiver including an array of pixel circuits
disposed on a substrate, each pixel circuit in the array
including at least one thin film transistor (TFT) element
and having a pixel input electrode electrically coupled to
the pixel circuit, wherein the ultrasonic receiver is
fabricated by:

forming a piezoelectric layer so as to be in electrical
contact with the pixel input electrodes, wherein forming the
piezoelectric layer includes:

coating a solution containing a polymer onto the array of
pixel circuits; crystallizing the polymer to form a
crystallized polymer layer; and poling the crystallized
polymer layer; wherein crystallizing the polymer includes
baking the polymer at a temperature between the Curie
temperature and the melting point for at least one hour
(dependent claim 6).

3. claims: 7, 8, 20

An apparatus comprising:

an ultrasonic receiver for detecting ultrasonic energy
received at a first surface of the ultrasonic receiver, the
ultrasonic receiver including an array of pixel circuits
disposed on a substrate, each pixel circuit in the array
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including at least one thin film transistor (TFT) element
and having a pixel input electrode electrically coupled to
the pixel circuit, wherein the ultrasonic receiver is
fabricated by:

forming a piezoelectric layer so as to be in electrical
contact with the pixel input electrodes, wherein forming the
piezoelectric layer includes:

coating a solution containing a polymer onto the array of
pixel circuits; crystallizing the polymer to form a
crystallized polymer layer; and poling the crystallized
polymer layer; wherein a conductive material is applied to
electrically short terminals of the pixel circuits to ground
prior to the poling (dependent claim 7).

4. claims: 10, 11

An apparatus comprising:

an ultrasonic receiver for detecting ultrasonic energy
received at a first surface of the ultrasonic receiver, the
ultrasonic receiver including an array of pixel circuits
disposed on a substrate, each pixel circuit in the array
including at least one thin film transistor (TFT) element
and having a pixel input electrode electrically coupled to
the pixel circuit, wherein the ultrasonic receiver is
fabricated by:

forming a piezoelectric layer so as to be in electrical
contact with the pixel input electrodes, wherein forming the
piezoelectric layer includes:

coating a solution containing a polymer onto the array of
pixel circuits; crystallizing the polymer to form a
crystallized polymer layer; and poling the crystallized
polymer layer; further including a receiver bias electrode
deposited on the piezoelectric layer; wherein the receiver
bias electrode includes a first sublayer of copper and a
second sublayer of nickel (dependent claim 10).
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