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array. The integrated circuit further includes a receiver circuit configured
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(87) Abstract: An apparatus includes an mtegrated circuit configured to be operatively coupled to a sensor array that 1s contigured
to generate an ultrasonic wave. The mtegrated circuit includes a transmitter circuit configured to provide a first signal to the sensor

to receive a second signal from the sensor array in response

to providing the first signal. The sensor array mcludes an ultrasonic transmitter configured to generate the ultrasonic wave 1n re -
sponse to the first signal and a piezoelectric receiver layer configured to detect a retlection of the ultrasonic wave.
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METHOD AND INTEGRATED CIRCUIT FOR
OPERATING A SENSOR ARRAY

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001] The present application claims priority from commonly owned U.S. Provisional
Patent Application No. 61/846,585 filed on July 15, 2013, U.S. Provisional Patent
Application No. 61/846,592 filed on July 15, 2013, U.S. Provisional Patent Application
No. 61/846,604 filcd on July 15, 2013 and U.S. Non-Provisional Patent Application No.
14/332,267 filed on July 15, 2014,

FIELD

{0002] The precsent disclosure is generally related to a method and integrated circust for

operating a SCnsor array.

DESCRIPTION OF RELATED ART

[0003] Advances in technology have resulted in smaller and more powerful electronic
devices and communication systems. For example, there currently exist a variety of
mobile devices, such as wireless telephoncs, personal digital assistants (PDAs),
computer tablets, and paging devices. The mobilc devices may be small, lightweight,

and casily carmied by users. Wireless telephones, such as cellular telephones and
Internet Protocol (IP) telecphones, can communicate voice and data packets over wireless

nctworks. Further, many wireless telephones include other types of devices that are
incorporated therein. For example, a wircless telephone can also include a digital still
camera, a digital vidco camera, a digital rccorder, and an audio stream player. Also,
wireless telephones can process executable instructions, including software applications

such as a web browser application that can be used to access the Internet. As such,

wireless telephones and other mobile devices can include significant computing

capabilities.

|0004] Mobile devices typically include display devices that display graphical user

interfaces (GUIs) and other information to uscrs. Certain display dcvices include

CA 2914491 2018-01-18
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capacitive touch sensors that enable users to enter text, scroll, and perform other
operations by interacting with (e.g., touching) the display devices. However, the
capacitive touch sensors may have certain limitations. For example, the resolution of a
capacitive touch sensor may be limited and unable to detect the ridges and valleys of a
fingerprint, particularly through a cover glass of a display. To obtain the desired
resolution, the capacitive fingerprint sensors may need to be positioned to allow
relatively close access for the tip of a finger. Accordingly, the capacitive devices may
be incompatiblc with ccertain mobile device configurations (¢.g., configurations that
include a relatively thick glass display portion or where the display occupies a large

portion of the mobile device area).
SUMMARY

[0005] A method and integrated circuit for operating a sensor array are disclosed. In a
particular embodiment, the integrated circuit corresponds to an application-specific
integrated circuit (ASIC) that 15 configured to drive the sensor array, to receive sensed
data from the sensor array, and to provide the sensed data to a processor (€.g., an
applications processor of a mobile device). The integrated circuit (IC) may be referred
to as an ultrasonic sensor array controller IC, an ultrasonic sensor controller, or stmply

as a controller chip.

[0006] The ultrasonic sensor array may be mounted 1n a display device and may be
responstve to user teractions. For example, the sensor array may transmit an
ultrasonic wavc bascd on commands rcceived from the integrated circuit. The
ultrasonic wave may be reflected from an object (e.g., a fingertip of a user). The
reflection may be received at the sensor array, and at least one signal may be provided
to the integrated circuit from the sensor array. The itegrated circuit may digitize the
signal and provide the digitized signal to a processor. In a particular embodiment, the
integrated circuit 1s configured to operate the sensor array and to provide data sensed

from the sensor array to the applications processor.

[0007] In a particular embodiment, an apparatus includes an integrated circuit
configured to be operatively coupled to a sensor array that 1s configured to generate an
ultrasonic wave. The integrated circuit includes a transmitter circuit configured to

provide a first signal to the sensor array. The integrated circuit further mmcludes a
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recerver circuit configured to receive a second signal from the sensor array in response
to providing the first signal. The sensor array includes an ultrasonic transmitter
configured to generate the ultrasonic wave 1n response to the first signal and a
piczoelectric receiver layer configured to detect a reflection of the ultrasonic wave. The
sensor array may include pixels. The reflection of the ultrasonic wave may be reflected

from a fingertip of a user.

[0008] In another particular embodiment, a method of operating a sensor array using an
integrated circuit includes providing a first signal from the integrated circuit to the
sensor array. The method further includes receiving a second signal from the sensor
array. The second signal 1s generated 1n response to a retlection of an ultrasonic wave.
Thc ultrasonic wavc may be gencrated at the sensor array 1n responsc to the first signal.
The sensor array includes an ultrasonic transmitter configured to generate the ultrasonic
wave 1n response to the first signal and a piezoelectric receiver layer configured to
detect the reflection of the ultrasonic wave. The sensor array may include pixels. The

reflection of the ultrasonic wave may be reflected from a fingertip of a user.

[0009] In another particular embodiment, an apparatus includes an integrated circuit
configured to be operatively coupled to a sensor array that 1s configured to generate an
ultrasonic wave. The integrated circuit includes means for providing a first signal to the
sensor array and means for recerving a second signal from the sensor array 1n response
to providing the first signal. The sensor array includes an ultrasonic transmitter
configured to generate the ultrasonic wave 1n response to the first signal and a
piezoelectric receiver layer configured to detect a reflection of the ultrasonic wave. The
scnsor array may includce pixcls. The reflection of the ultrasonic wave may be reflected

from a fingertip of a user.

[0010] In another particular embodiment, a computer-readable medium stores
Instructions e¢xecutable by an integrated circuit to perform operations. The operations
include providing a first signal from the integrated circuit to a sensor array and
recerving a second signal from the sensor array. The second signal 1s generated in
response to a reflection of an ultrasonic wave. The ultrasonic wave may be generated at

the sensor array 1n response to the first signal. The sensor array includes an ultrasonic
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transmitter configured to generate the ultrasonic wave 1 response to the first signal and

a piezoelectric recerver layer configured to detect the reflection of the ultrasonic wave.

[0011] In another particular embodiment, a method of operating a sensor array using an
integrated circuit 1s disclosed. The method includes generating a receiver bias voltage
at a first terminal of the integrated circuit to bias thin film transistors of the sensor array.
The method further includes generating a control signal at a second terminal of the
integrated circuit to cause an ultrasonic transmitter of the sensor array to generate an
ultrasonic wave. The method further includes receiving data samples from the sensor

array. The data samples may correspond to a reflection of the ultrasonic wave.

[0012] In another particular cmbodiment, an apparatus includcs an intcgrated circuit.
The integrated circuit includes a first terminal configured to generate a receiver bias
voltage to bias thin-film transistors of a sensor array and a second terminal configured
to generate a control signal to cause an ultrasonic transmitter of the sensor array to
gencrate an ultrasonic wave. The integrated circuit further mcludes a third terminal
configured to receive data samples from the sensor array. The data samples may

correspond to a reflection of the ultrasonic wave.

[0013] In another particular embodiment, a computer-readable medium stores
instructions executable by an integrated circuit to cause the integrated circuit to operate
a sensor array. Operating the sensor array includes generating a receiver bias voltage at
a first terminal of the integrated circuit to bias thin film transistors of the sensor array
and generating a control signal at a second terminal of the integrated circuit to cause an
ultrasonic transmittcr of the scnsor array to gencrate an ultrasonic wave. Opcrating the
sensor array further includes receiving data samples from the sensor array. The data

samples may correspond to a reflection of the ultrasonic wave.

[0014] In another particular embodiment, an apparatus includes an integrated circuit.
The integrated circuit includes means for generating a recerver bias voltage to bias thin-
film transistors of a sensor array and means for generating a control signal to cause an
ultrasonic transmitter of the sensor array to generate an ultrasonic wave. The integrated
circuit further includes means for recerving data samples from the sensor array. The

data samples may correspond to a reflection of the ultrasonic wave.
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[0014a] According to one aspect of the present invention, there is provided an
apparatus comprising: an integrated circuit configured to be operatively coupled to a sensor
array that includes pixels and that 1s configured to generate an ultrasonic wave, wherein the
integrated circuit includes: a bias generation module for generating a bias signal, the bias
signal having one of at least a block value and a sample value, the sample value having a
smaller amplitude than the block value, the bias signal having a block value for a duration
dependent upon at least one of a thickness of a component of the sensor array, a duration of an
enable signal and a frequency of the enable signal, the bias signal having the sample value for
a duration dependent upon at least one of a duration of the enable signal and a frequency of
the enable signal; a first terminal to output the bias signal; a transmitter circuit configured to
provide a first signal to the sensor array; and a receiver circuit configured to receive a second
signal from the sensor array in response to providing the first signal, wherein the sensor array
includes: an ultrasonic transmitter configured to generate the ultrasonic wave in response to
the first signal; a piezoelectric receiver layer configured to detect a reflection of the ultrasonic
wave; and a bias electrode configured to bias the piezoelectric receiver layer with one of a
block signal based on the bias signal when this has the block value causing the piezoelectric
receiver layer to operate in a block mode in which reception of the ultrasonic wave 1s
inhibited, and a smaller amplitude sample signal based on the bias signal when this has the
sample value causing the piezoelectric receiver layer to operate in a sample mode in which

reception of the ultrasonic wave 1s enabled.

CA 2914491 2018-01-18



CA 02914491 2015-12-03

WO 2015/009766 PCT/US2014/046765

_5

[0015] A sensor having resolution capability for fingerprint detection yet capable of
operating through a relatively thick cover glass or cover lens of a display device is
desirable. One particular advantage provided by at least one of the disclosed
embodiments 1s that a user 1s able to interact with a display or touchscreen that includes
a relatively thick (e.g., between about one half to several millimeters thick) glass
portion. For example, the sensor array may be compatible with a relatively thick glass
portion. Such a configuration may be incompatible with other fingerprint sensor
tcchnologics, since thosc devices may nced to be positioned relatively closc to the
surface of the display in order to respond to user interaction or to detect fingerprints or
other biometric data. Additionally, design, manufacture, and assembly of certain
components (e.g., mobile device components) using the integrated circuit may be
simplificd as comparcd to devices that usc discrete circuitry rather than the integrated

circuit. Other aspects, advantages, and features of the present disclosure will become

apparent after review of the entire application, including the following sections: Brief

Description of the Drawings, Detailed Description, and the Claims.
BRIEF DESCRIPTION OF THE DRAWINGS

[0016] FIG. 1 1s a diagram of a system that includes an integrated circuit configured to

opcratc a scnsor array;

[0017] FIG. 2 1s a diagram of a system that includes an integrated circuit, such as the

integrated circuit of FIG. 1;
[0018] FIG. 3 1s a diagram of a device, such as a portion of the sensor array of FIG. 1;

[0019] FIG. 4 1s a diagram of an integrated circuit, such as the integrated circuit ot

F1G. 1;

[0020] FIG. 5 1s a diagram of a particular illustrative embodiment of a system that

includes an integrated circuit, such as the integrated circuit of FIG. 1;

[0021] FIG. 6 15 a diagram 1llustrating an example operation of a system that includes a

sensor array, such as the sensor array of FIG. 1;
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[0022] FIG. 7 18 a diagram 1llustrating an example operation of an integrated circuit,

such as the integrated circuit of FIG. 1;

[0023] FIG. & 1s a diagram 1illustrating an example operation of a row state machine,

such as a row state machine included 1n the integrated circuit of FIG. 2;

[0024] FIG. 9 15 a diagram of a particular illustrative embodiment of a method of

operating an integrated circuit, such as the integrated circuit of FIG. 1; and

[0025] FIG. 10 1s a diagram of a particular illustrative embodiment of a mobile device
that includes an integrated circuit, such as the integrated circuit of FIG. 1, configured to

opcratc a scnsor array.

DETAILED DESCRIPTION

[0026] Referring to FIG. 1, a particular illustrative embodiment of a system 1s depicted
and generally designated 100. The system 100 may include an integrated circuit 102, a
sensor array 104, a printed circuit board (PCB) 112, a flexible printed circuit (FPC) or

flex circuit 114, and one or more additional components 110.

[0027] The sensor array 104 may include an arrangement of thin-film transistor (TFT)
pixels 106 on a TFT substrate 220 and an ultrasonic transmitter 108. The sensor array
104 may be configured to generate an ultrasonic wave, as described further below. For
example, the sensor array 104 may be contigured to transmit the ultrasonic wave and to
detect a retlection of the ultrasonic wave (e.g., a reflection from a fingertip).
Alternatively or 1n addition to generating the ultrasonic wave, the sensor array 104 may
be configured to send and receive one or more other signals (e.g., to display and/or
recerve information at a display device, such as a touchscreen device, as described

further with reference to FIG. 10).

[0028] The one or more additional components 110 may mclude a processor, such as an
applications processor of a mobile device. An applications processor may run, for
example, one or more software applications associated with the mobile device. The
additional components 110 may include one or more discrete resistors, capacitors,
inductors, active devices, or integrated circuits (ICs). The flex circuit 114 may contain

1solated electrical traces that interface between the sensor array 104 and the integrated
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circuit 102, Alternatively, the integrated circuit 102 and/or one or more additional
components 110 may be attached and electrically connected to the flex circuit 114. One
or more of the additional components 110 may be formed on or otherwise attached to
the sensor array 104. The flex circuit 114 may include one or more electrical layers to
provide electrical shielding and enhanced connectivity. Traces on the flex circuit 114
may be configured as one or more capacitors or inductors. Components may be
mounted on one or more portions or sides of the flex circuit 114. More than one flex
circuit 114 or othcr conncctive means such as wires, coaxial cable, or braided wirc may

serve to connect the sensor array 104 to the PCB 112.

[0029] In operation, the integrated circuit 102 may communicate with the sensor array
104. For cxamplc, the mtcgrated circuit 102 may causc the ultrasonic transmitter 108 to
osencrate an ultrasonic wave. The ultrasonic wave may be reflected from an object, such
as a stylus, finger, or fingertip of a user, as illustrated in FIG. 1. The TFT pixels 106
may generate a signal in response to the retlected ultrasonic wave. The signals
gencrated by the TFT pixels 106 may be recerved at the integrated circuit 102. The
integrated circuit 102 may perform one or more operations on the signals received from
the TFT pixels 106 and may provide a signal to any of the additional components 110,

such as an applications processor of a mobile device.

[0030] Because the integrated circuit 102 performs one or more operations that may be
performed by discrete components (¢.g., custom circuitry for driving and sensing
ultrasonic sensor arrays), operation of the system 100 1s stmplified as compared to
systems using many discrete components. For example, custom circuitry may be
cumbcrsome, bulky, costly, and/or unablc to fit into the cnclosurc of a mobilc device.
The custom circuitry may be particularly cumbersome 1n the case of a mobile device
with a small form factor. Therefore, the integrated circuit 102 may enable certain

ultrasonic operations in connection with a mobile device.

[0031] Referring to FIG. 2, a particular 1llustrative embodiment of a system 1s depicted
and generally designated 200. Certain components and operations of the system 200
may be as described with reference to FIG. 1. For example, the system 200 may include

the integrated circuit 102 and the sensor array 104. The sensor array 104 may include
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the TFT pixels 106 and the ultrasonic transmitter 108. The integrated circuit 102 and

the sensor array 104 may be coupled via the flex circuit 114.

[0032] In the particular example 1llustrated n FIG. 2, the integrated circuit 102 includes
a row-control state machine 202, an analog-to-digital converter (ADC) 204, a memory
device 206, a communications interface such as a serial peripheral interface (SPI) 208,
and a row-read state machine 21(0). Further, in the example of FIG. 2, the integrated
circuit 102 may include a transmaitter H-bridge circuit 212, a transmitter state machine

214, a boost circuit 216, and a transmitter voltage generator 218.

[0033] In addition, in the example 1llustrated in FIG. 2, the ultrasonic sensor array 104
may includc a first laycr column multiplexcer (MUX) 222, a sccond laycer column MUX
224, a first row state machine 226, and a second row state machine 228. The sensor
array 104 may further include a TFT substrate, such as the TFT substrate 220 of FIG. 1.
The TFT pixels 106 may be formed upon the TFT substrate 220. The integrated circuit
102 may include selection logic configured to select between individual TET pixels of
the sensor array 104. For example, the row-control state machine 202 and the row-read
state machine 210 may be configured to select between individual TFT pixels of the
sensor array 104. A plurality of gate drivers 232 may be configured to drive the TFT
pixels 106 responsive to the integrated circuit 102 (e.g., responsive to the transmitter H-

bridge circuit 212).

[0034] While the row state machines 226, 228 are shown on the left and right sides of
TET pixels 106 with gate drivers 232 positioned therebetween, other configurations may
bc uscd. In onc cxamplc, all the gatce drivers 232 may be on onc sidc or the other of the
TFT pixels 106. In another example, more than one row state machine 228 and

associated gate drivers 232 may be located on one side or the other of the TFT pixels

106, to allow simultaneous driving of one or more rows ot TFT pixels 106 1n parallel or
to allow interleaved row-selection methods. While the arrangement of TFT pixels 106
shows rows 1n one direction and columns 1n another, 1t 1s understood that rows and
columns may be interchanged without loss of generality and that the TFT pixels 106
may be arranged other than in a row-column arrangement such as a circular array or as
oroups of one or more pixels that may serve, tor example, as sensor arrays for ultrasonic

buttons.
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[0035] The system 200 may further include a processor, such as an applications
processor 230. The applications processor 230 may be coupled to the integrated circuit
102 via the flex circuit 114, an intertace, a communications interface, a bus, one or more
other structures, or a combination thercof. In the particular example of FIG. 2, the

applications processor 230 18 coupled to the integrated circuit 102 via the SPI interface

208.

[0036] In operation, the integrated circuit 102 may operate the sensor array 104 via the
flex circuit 114. For example, the integrated circuit 102 may utilize the row-control
state machine 202 to operate the first row state machine 226 and/or the second row state
machine 228 to select one or more individual TFT pixels 106 or rows of TFT pixels 106
of thc TFT substratc 220. Furthcr, the transmitter voltage gencrator 218 may gencrate a
signal that 1s provided to the ultrasonic transmitter 108 via the flex circuit 114. The
transmitter H-bridge circuit 212 may apply voltages to the ultrasonic transmitter 108. In
response to the signal from the transmitter H-bridge circuit 212, the ultrasonic
transmitter may generate an ultrasonic wave. The ultrasonic wave may propagate
through components of the system 200 to an object such as a stylus or a finger of a user.
The ultrasonic wave may be reflected by the object and may be received at the TFT
substrate 220. The reflected ultrasonic wave may induce voltages at the TFT substrate
22() that are sensed by the TFT pixels 106 to generate data that may be read out from the
TET substrate 220.

[0037] The integrated circurt 102 may use the row-read state machine 210 to operate the
MUXs 222, 224 and to select data outputs (e.g., columns of data) from the TFT
substratc 220 so that valucs from the TEFT substratc 220 may bc rcad bascd on an
ultrasonic wave detected at the TFT pixels 106. Data read from the MUXs 222, 224 by
the mtegrated circuit 102 may be provided to the ADC 204 and loaded into the memory
device 206. The data may be provided to or accessed by the applications processor 230
via the SPI interface 208. In a particular embodiment, the column multiplexers may be
configured in a single level group. Alternatively, the column multiplexers may be

configured 1n two or more levels, or ganged 1nto parallel groups.

[0038] Because the sensor array 104 1s operated by the integrated circuit 102,

processing resources of the applications processor 230 may be freed or otherwise made
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available for running other applications. For example, because the integrated circuit
102 operates the TFT pixels 106 and the ultrasonic transmitter 108, processing
resources at the applications processor 230 are free to perform other processing tasks.
Accordingly, performance at the applications processor 230 may be improved as
compared to certain configurations in which an applications processor 230 directly

controls a sensor array.

[0039] Referring to FIG. 3, a particular illustrative embodiment of a device 1s depicted
and generally designated 300. In a particular embodiment, the device 300 corresponds
to a portion of the sensor array 104 of FIG. 1. In a particular embodiment, FIG. 3
illustrates a cross-sectional view of a portion of the sensor array 104 in the TFT

substratc 220.

[0040] The device 300 may include the TFT pixels 106 and the TFT substrate 220. The
TET substrate 220 may be coupled to a display or cover glass 304 (e.g., a cover glass or
cover lens of a mobile device). A piczoelectric transmaitter layer 314 may be coupled to
a first transmitter electrode 310 and to a second transmitter electrode 312, and to the
TET substrate 220. The piezoclectric transmitter layer 314 and transmitter electrodes
310, 312 may correspond to the ultrasonic transmitter 108 of FIG. 1. One or both of the
transmitter electrodes 310 or 312 may be segmented. In at least one alternate
embodiment, neither of the transmatter electrodes 310, 312 1s segmented. The TFT
substrate 220 may be coupled to a receiver bias electrode 306, to pixel input electrodes
308, and to a piezoelectric recerver layer 316. The pixel input electrodes 308 may
transfer charge generated by the piezoelectric receiver layer 316 by impingement of an
ultrasonic wavc onto the TFT pixcls 106.  The piczoclectric recciver layer 316 may
have a thickness that corresponds to the particular application. According to various
embodiments, the thickness may be between 100 micrometers (um) and 5 millimeters

(mm).

[0041] In operation, the piezoelectric transmitter layer 314 may be responsive to signals
applied at the transmaitter electrodes 310, 312. For example, application of voltages
across one or more of the transmitter electrodes 310, 312 may cause the piezoelectric
transmitter layer 314 to emit an ultrasonic wave. The ultrasonic wave may be retlected

from an object, such as a finger of a user (e.g., a fingerprint valley or a fingerprint ridge
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as 1llustrated in FIG. 3). The reflected ultrasonic wave may propagate through the
display or cover glass 304 and may be recerved at the piezoelectric receiver layer 316.
The piczoelectric recerver layer 316 may be coupled to the TET substrate 220. The
piezoelectric receiver layer 316 may generate a voltage between the receiver bias
clectrode 306 and the pixel mput electrodes 308, which 18 provided to TFT pixels 106 of
the TFT substrate 220. Data corresponding to the reflected ultrasonic wave may be read

from the TET pixels 106 of the TFT substrate 220.

[0042] The techniques 1llustrated with reference to FIG. 3 may enable user mteraction
with a display device having a relatively thick cover glass portion. For example, user
Interactions and/or user characteristics may be detected even when the display or cover
olass 304 has a thickncss between about a half of a millimeter and scveral millimeters or
more. Additionally, since the ultrasonic wave may be reflected by a fingertip of a user
that has fingerprint ridge and fingerprint valley characteristics as illustrated in FIG. 3,
the retlected ultrasonic wave may be used for fingerprint detection and/or recognition,
as explained further with reference to FIG. 10. As shown i FIG. 3, the piezoelectric
recetver layer 316 1s positioned between the piezoelectric transmitter layer 314 and an
outer surface of the display or cover glass 304. In other configurations, the piezoelectric
transmitter layer 314 may be positioned between the piezoelectric receiver layer 316
and the outer surface of the display or cover glass 304. Among other contigurations, the
piczoelectric transmitter layer 314 and the piezoclectric receiver layer 316 may be on

the same side of the TFT substrate 220.

[0043] Referring to FIG. 4, a particular 1llustrative embodiment of an mtegrated circuit
1s depicted and gencrally designated 400. The intcgrated circuit 400 may corrcspond to
the integrated circuit 102 of FIG. 1.

[0044] The integrated circuit 400 may include a memory module 412, a receiver module
414, a communication module 416, a digital module 418 sometimes reterred to as a
controller module, a bias generation module 420, and a transmitter module 422.

Further, the integrated circuit 400 may include multiple interfaces for communicating
with other circuits and/or devices. For example, 1n the particular example of FIG. 4, the
integrated circuit 400 includes a power interface 402, a data interface 404 (e.g., one or

more¢ mput terminals of the integrated circuit 102), an applications processor interface
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408, a bias voltage interface 424, a transmitter driver interface 426 (¢.g., one or more
output terminals of the integrated circuit 102), a gate driver interface 423, and a row-

control mterface 430.

[0045] In operation, the integrated circuit 400 may utilize the one or more mterfaces to
send and receive signals and/or information. For example, the bias generation module
42() may generate one or more bias voltages (e.g., recerver bias or RBIAS, as described
in FIG. 7) that may be applied to an ultrasonic sensor array via the bias voltage interface
424. As another example, the transmitter module 422 may generate and apply one or
more signals that may be applied to an ultrasonic transmitter via a transmitter driver
circuit within the transmitter module 422 and the transmitter driver interface 426 (e.g.,
H-bridgc control and cnablc, as in FIG. 7). As anothcr cxamplce, the digital module 418
may generate signals that are applied to the sensor array via the gate driver interface 428
and/or the row-control interface 430. The gate driver interface 428 may connect to and
control gate drivers on the TFT substrate, such as the drivers associated with the left-

and right-side row state machine shown in FIG. 2.

[0046] Further, the multiple interfaces of the integrated circuit 400 may be utilized to
receive power at the mtegrated circuit 400. In the example of FIG. 4, the integrated
circuit 400 may utilize the power intertace 402 to recerve power from one or more
voltage sources. The integrated circuit 400 may utilize the data mtertace 404 to recerve
data, such as data from a sensor array, which may correspond to the sensor array 104 of
FIG. 1. The integrated circuit 400 may control selection of rows and/or columns of data
from the sensor array using the gate driver interface 428 and the row-control interface
430. Further, the intcgrated circuit 400 may utilize the applications proccssor iterface

408 to send and/or to receive data from a processor, such as the applications processor

230 of FIG. 2.

[0047] Because the integrated circuit 400 includes one or more tunctionalities and/or
structures that may be implemented 1n discrete circuits, manufacturing and/or design of
the integrated circuit 400 may be simplified as compared to discrete devices. For
example, a single integrated circuit may be mounted upon a printed circuit board (PCB)
or the flex circuit instead of mounting multiple discrete circuits upon the PCB or tlex

circuit.
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[0048] Retferring to FIG. 5, a particular 1llustrative embodiment of a system 1s depicted
and generally designated 500. Certain components and operations of the system 500 of
FIG. 5 may be as described with reterence to FIGS. 1, 2 and 4. For example, the system
500 may include the integrated circuit 102 of FIG. 1. Further, the system 500 may
include the ultrasonic transmitter 108 of FIG. 1. The system 500 may further include
the ADC 204 and the memory device 206 of FIG. 2. As additional examples, the
system 500 may include the receiver module 414, the digital module 418, the

transmittcr modulc 422, and the bias voltage gencration module 420 of FIG. 4.

[0049] In the particular example of FIG. 5, the system 500 further includes the power
interface 402, the data interface 404, the applications processor interface 408, and the
transmitter driver mterface 426 of F1G. 4. Further, 1in the cxamplc of FIG. 5, the systcm
500 includes an RBIAS or receiver bias voltage interface 506, which may be a subset of

the bias voltage interface 424.

[0050] The system 500 may further include a resonator circuit 508 and the boost circuit
216 of FIG. 2. The resonator circuit S08 may include a resonant device, such as a
resonant inductor-capacitor (LC) circuit. In the particular example of FIG. 3, the
resonator circuit 508 mcludes imnductive elements such as inductors Ls1, Ls2. The
inductors Ls1, Ls2 may be formed, for example, tfrom discrete inductive devices or from
inductive traces on the tlex circuit 114. According to further embodiments, the
resonator circuit 508 may include different components than the example of FIG. 5.
Those of skill in the art will recognize that a variety of resonant circuits can be

implemented depending on the particular application.

[0051] In operation, the integrated circuit 102 may receive data from a sensor array,
such as the sensor array 104 of FIG. 1. The data may be received via the data interface
404 (e.g., data representing signal levels stored at TFT sensor pixels responsive to a
reflected ultrasonic wave). The ADC 204 may convert the data from an analog
representation to a digital representation to generate digital data. The digital data may
be provided to the memory device 206. The digital data may be provided from the
memory device 206 to a processor, such as the applications processor 230 of FIG. 2, via
the applications processor intertace 408. In a particular 1llustrative embodiment, a row

of data (corresponding to a row of pixels of the sensor array 104) 1s provided to the
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processor via the applications processor interface 408 from the memory device 206
while another row of data 1s loaded into the memory device 206. That 1s, rows of data
from the sensor array may be provided to the processor on a “per-row’” basis. In another
particular embodiment, a portion of the rows or a portion of the sensor array may be
selected for reading out. For example, every other row or every third row or fourth row
may be read out to increase the frame rate for capturing an ultrasonic image. Individual
TET pixels or groups of TET pixels may be read out. A single row or set of rows may
be sclected multiple times for rcadout. The sensor controller IC may rcad onc or morc
rows 1n a forward direction and then read one or more rows 1n a reverse or backward
direction. TFT pixels near the perimeter of the TFT substrate 220 or 1n select portions
of the TFT substrate 220 may be read multiple times to achieve a better signal-to-noise
ratio or signal quality. The spced and modce of scanning may be detecrmined by the
sensor controller IC. The speed and mode of scanning may be determined by the

applications processor 230.

[0052] The integrated circuit 102 may generate a signal at the transmaitter H-bridge
circuit 212. The voltage generated by the transmatter H-bridge circuit 212 may be
provided to the ultrasonic transmitter 108 via the transmitter driver mterface 426. In a
particular embodiment, a piezoelectric receiver layer coupled to the TFT pixels 106 may
be biased using a receiver bias voltage (e.g., RBIAS 1llustrated in FIG. 5) via the
recerver bias voltage intertace 506. The recerver bias voltage interface 506 may control
when the TFT pixels detect ultrasonic waves, as described further with reference to FIG.
7. The integrated circuit 102 may have on-board control of driving the sensor array 104
and reading the sensor array 104 row-by-row. For example, a transmitter state machine
may control thc transmittcr modulc 422 to gencrate a driving voltage provided to the
ultrasonic transmitter 108 of the sensor array 104. The transmitter state machine may
control frequency and timing of an ultrasonic wave, such as by sweeping or changing a
frequency of operation of the ultrasonic transmitter 108 (responsive to a control signal
from a processor). The magnitude, frequency, and/or number of voltage or current
pulses or cycles applied to the ultrasonic transmitter may be controlled. Further, a row-
control state machine may control operation of multiplexers to read data from the sensor

array 104.
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[0053] In a particular embodiment, the transmitter H-bridge circuit 212 1s responsive to
a boost signal from the boost circuit 216. For example, the transmitter H-bridge circuit
212 may receive a 30-volt boost signal from the boost circuit 216, as illustrated 1n the
particular example of FIG. 5. It should be appreciated that the example of FIG. 5 18
1llustrative and that the particular boost signal provided to the transmitter H-bridge

circuit 212 (1f any) will typically depend on the particular application.

[0054] The transmitter H-bridge circuit 212 may be responsive to the boost circuit 216
to generate an output signal at the transmitter driver interface 426. The output signal
may be applied at the resonator circuit 508. The resonator circuit 508 may be
configured to resonate at a particular frequency based on the output signal to provide a
burst signal to the ultrasonic transmaittcr 108. Thce burst signal may bc a burst signal of
several hundred volts (e.g., approximately 200 volts). For example, in a particular
1llustrative embodiment, in a resonance condition the resonator circuit S08 1s configured
to cause a voltage gain that amplifies a voltage from approximately 30 volts to a high
voltage burst signal based on the output signal provided by the transmitter H-bridge
circuit 212. In a particular embodiment, the burst signal has a voltage swing of 30 volts
peak-to-peak to 400 volts peak-to-peak. The burst signal may cause the ultrasonic

transmitter 108 to generate an ultrasonic wave, as described further below.

[0055] The system 500 of FIG. 5 may enable improved efficiency of operations. For
cxample, the system 500 may enable efficient communications between the integrated
circurt 102 and a processor by providing rows of data from the memory device 206 to
the processor on a “per-row” basis. Accordingly, a first row of data may be provided to
thc proccssor whilce a sccond row of data 18 senscd from the sensor array 104 and/or

loaded 1nto the memory device 206.

[0056] Referring to FIG. 6, an example operation of a system 600 1s depicted. Certain
components and/or operations of the system 600 may be as described with reference to
FIG. 1. For example, the system 600 may include the sensor array 104 and the flex
circuit 114 of FIG. 1. In a particular illustrative embodiment, the flex circuit 114 may
include a flex cable coupling the sensor array 104 to the mtegrated circuit 102 of FIG. 1.
The system 600 may include the display or cover glass 304 of FIG. 3. According to at
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lcast one alternate embodiment, a cover glass portion may be omitted from the system

600.

[0057] As illustrated, operation of the system 600 may include sending a high voltage
burst to an ultrasonic transmitter, such as the ultrasonic transmitter 108 of FIG. 1 (e.g.,
by the piezoelectric transmitter layer 314 of FIG. 3). The high voltage burst may be
transmitted by the mtegrated circuit 102 of FIG. 1 via the flex circuit 114. The high
voltage burst may cause the ultrasonic transmitter to emit an ultrasonic wave. The
ultrasonic wave may be transmitted through and reflected from a surface of an attached

substrate.

[0058] Thc cxamplc of FIG. 6 illustratcs certain componcents and matcrials. It should be
appreciated the particular example of FIG. 6 1s 1llustrative and that other configurations
are within the scope of the disclosure. For example, the particular dimensions of
components of the system 600 will depend on the particular application. In a particular
embodiment, the adhesives 1llustrated in FIG. 6 each have a thickness within a range of
approximately 25-50 micrometers (um). The recerver portion (Rx) may have a
thickness of approximately 12 um. The transmitter portion (Tx) may have a thickness
of approximately 28 um. The cap/shield portion may have a thickness of approximately
200 um. The display or cover glass 304 may have a thickness within a range of
approximately 130-170 um (e.g., approximately 150 um). The flex circuit 114 may

have dimensions of approximately 10 mm, 30 mm, and 0.1 mm.

[0059] As 1llustrated 1n the example of FIG. 6, the ultrasonic wave may be reflected by
an objcct such as a fingertip. The reflected ultrasonic wave may be detected at the
sensor array 104 by the piezoelectric receiver layer 316 of FIG. 3 and an array of TFT
pixels 106 electrically coupled to the piezoelectric receiver layer 316. The TFT pixels
may change state (e.g., store a voltage) responsive to the retlected ultrasonic wave and

the voltage gencrated across the piezoelectric recerver layer 316.

[0060] Thus, the one or more TFT sensor pixels may generate a voltage in response to
the reflected ultrasonic wave. The voltage may be transmitted to the integrated circuit
102 of FIG. 1 via the flex circuit 114. Further, the ADC 204 of FIG. 2 may receive the
voltage and digitize the voltage to generate digital data usable by a processor, such as

the applications processor 230 of FIG. 2.
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[0061] Referring to FIG. 7, a timing diagram of an example operation of an integrated
circuit 1s depicted and generally designated 700. The integrated circuit described with
reterence to FIG. 7 may correspond to the integrated circuit 102 of FIG. 1. The
particular example of FIG. 7 1llustrates certain timing associated with one or more
particular applications. For example, the timing between the start of the main burst of
the ultrasonic wave and the beginning of one or more reflected waves may be on the
order of 450 nanoseconds (ns). The timing allowed for sampling the first retlection may
be on the order of 360 ns. Thosc of skill 1n the art will apprcciate that such timing 1s
provided for illustrative purposes and the particular timing and/or durations will depend
on the particular application. For example, the timing of an ultrasonic wave may
depend on a size (e.g., “acoustic stack thickness’) of the ultrasonic transmitter 108 and

thc thickncss of the TEFT substratc 220, among othcers.

[0062] To fturther illustrate, FIG. 7 illustrates particular example durations of a first time
interval 704 and a second time mterval 708. It should be appreciated that the time
intervals 704, 708 are illustrative and not necessarily drawn to scale. For example, the
second time interval 708 may be of a longer duration than the first time interval 704,
depending on the particular application. In a particular embodiment, the time intervals
704, 708 comprise approximately 450 nanoseconds (ns) and 360 ns, respectively. It will
be appreciated that durations of the time intervals 704, 708 may depend on a size (e.g.,
“acoustic stack thickness™) of piezoelectric receiver layer 316 of FIG. 3, the thickness of

the TFT substrate 220 of FIG. 2, another metric, or a combination thereof.

[0063] As illustrated in FIG. 7, operation may include initiating operation of the
intcgratcd circuit. For cxamplc, a transmitter statc machinge, such as the transmitter statc
machine 214 of FIG. 2, may begin the operation. Further, an H-bridge device, such as
the transmitter H-bridge circuit 212 of FIG. 2, may be put in a standby mode. Certain
amplifiers of the integrated circuit, such as class-AB amplifiers, may be put into an
operating state instead of a low-power standby mode. In the example of FIG. 7, the
operation includes transitioning a receiver bias voltage RBIAS 1nto a block mode of
operation. The RBIAS voltage may be applied to the ultrasonic sensor array, such as
the receiver bias electrode 306 of FIG. 3 operatively coupled to TFT pixels 106 of

FIG. 1. In a particular embodiment, the block mode of operation 1s associated with a

state 1n which the TFT pixels 106 do not generate voltages responsive to an ultrasonic
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wave striking the pixels (either emitted or reflected). In a particular embodiment, the
recerver bias voltage RBIAS has a block value (as illustrated in FIG. 7) for a duration

that 1s within a range of approximately 1 to 3 microseconds (us). The duration for

which the receiver bias voltage RBIAS has the block value may depend on a component
thickness, such as a thickness of the TET substrate 220, a duration (¢.g., a number of
burst cycles) of an H-bridge enable signal, a frequency of the H-bridge enable signal, or

a combination thereof.

[0064] The operations may further include operating (¢.g., activating and/or
deactivating) the H-bridge device, such as by enabling and controlling the H-bridge
device to cause the piezoelectric transmitter layer 314 or ultrasonic transmitter 108 to
ogcncrate an ultrasonic wave. For cxample, FIG. 7 depicts that the H-bridge cnablc
signal 18 asserted during a main burst of an ultrasonic wave (e.g., an ultrasonic wave
transmitted by the ultrasonic transmitter 108). For example, the H-bridge enable signal
may cause the transmitter H-bridge circuit 212 to transition from a “standby” mode of
operation to an “on”” mode of operation. In a particular embodiment, the main burst of
the ultrasonic wave has a duration that 1s within a range of approximately 20
nanoseconds (ns) to 1.1 us as compared to a transmit duration that 1s between 0.24 to
0.53 us. The duration of the main burst may depend on a number of burst cycles of the
ultrasonic transmitter 108, a frequency of the ultrasonic transmitter 108, or a

combination thereof.

[0065] FIG. 7 further depicts that an H-bridge control signal changes values (e.g., 1s
togegled) one or more times during the main burst. The duration of the main burst
1llustratcd 1n F1G. 7 may depend on the numbcer of cycles and frequency of the H-bridge
control signal. In a particular embodiment, the H-bridge control signal is applied at the
transmitter H-bridge circuit 212 to cause the transmitter H-bridge circuit 212 to generate
the output signal at the transmitter driver interface 426 described with reference to FIG.
5. The output signal may be applied at the resonator circuit 508. The resonator circuit
508 may be configured to resonate at a particular frequency based on the output signal
to provide a burst signal to the ultrasonic transmitter 108. The burst signal may cause
the ultrasonic transmitter 108 to generate an ultrasonic wave, such as the “main burst”
of the ultrasonic wave 1illustrated 1n the example of FIG. 7. In a particular embodiment,

the receiver bias voltage RBIAS has a sample value (as illustrated in FIG. 7) for a
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duration that 1s within a range of approximately 0.25 to 1.5 microseconds (us). The
particular duration for which the receiver bias voltage RBIAS has the sample value may
depend on a duration (e.g., a number of burst cycles) of the H-bridge enable signal, a

frequency of the H-bridge enable signal, or a combination thereof.

[0066] After the ultrasonic wave 1s transmitted, the receiver bias voltage RBIAS may be
transitioned from the block mode to a sample mode in which voltages may be recerved
at the TFT pixels. In the example 1llustrated 1n FIG. 7, the transition from the block
mode to the sample mode includes a duration from timing event “4” to timing event
“4B,” as 1llustrated. The duration may correspond to a thickness of a display or cover
olass portion (e.g., the display or cover glass 304). For example, because the main burst

may nccd to propagatc through the display or cover glass portion, the rccciver bias

voltage RBIAS may be maintained at the block value until the main burst has
propagated past a receiver device, such as the piezoelectric recerver layer 316 of FIG. 3.
The receiver bias voltage RBIAS may be transitioned to the sample value between
timing event “4” and timing event “4B” betfore a first reflection of the main burst 18

received at the receiver device.

[0067] During the sample mode, the piezoelectric recerver layer 316 may generate a
signal responsive to the first reflection of the ultrasonic wave arriving at the recerver
device. TFT pixels may store voltages responsive to the signal generated by the
piezoelectric receiver layer. The operations may further include transitioning a value of
the receiver bias voltage RBIAS from the sample mode to the block mode and/or
transitioning the bias voltage trom the sample mode to the hold mode of operation. The
opcrations may further include putting devices to sleep, such as putting the H-bridge

device to sleep and/or putting the amplifiers in a low current mode of operation.

[0068] When the receiver bias voltage RBIAS has the value associated with the block
mode of operation during the main burst of the ultrasonic wave, the TEFT pixels do not
store voltages responsive to reception or transmission of the ultrasonic wave. Further,
as 1llustrated 1n FIG. 7, the receiver bias voltage RBIAS may have the block value while
additional bounces of the reflected wave occur, thus reducing or preventing reception of

bounces after reception of the first reflection of the ultrasonic wave.
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[0069] Referring to FIG. 8, a particular 1llustrative embodiment of example operations
of the row-read state machine 210 of FIG. 2 are depicted and generally designated 300.
The operations of FIG. 8 may correspond to reading a frame of data at the sensor array
104 of FIG. 2. At 808, the operations include 1nitiating operation at the row-read state
machine 210, generally referred to as a finite-state machine (FSM). At 812, the
operations 1nclude selecting a first row while a transmit burst 1s applied to the ultrasonic
transmitter 108. A row of data may be read trom the TET pixels 106, at 820). The row
of data may bc storcd at a memory device, such as the memory device 206. At 824, an
interrupt may be asserted (e.g., to indicate that rows of data are available to be read from
the memory device by an applications processor, such as the applications processor
230). As aparticular example, a bit stored at a tlip-tflop of the mtegrated circuit 102
may bc sct to mdicatc that data 1s availablc to be rcad from the memory dcvice by the
applications processor. The bit may be readable by the applications processor via an

interface, such as the SPI 208.

[0070] At 826, a determination 1s made whether a last row of a frame of data has been
read. If the last row of the frame of data has been read, then the operations of FIG. &
may terminate. For example, reading of a second frame of data may be initiated upon
determining that the last row has been read. If the last row has not been read, then row-
control sequences may be 1nitiated, at 804 or at 806, based on whether a burst event 1s to
occur. A row of data may be read, at 810. Data may be provided from the memory
device to the applications processor, at 822, For example, data may be provided from

row-control state machines at 814, at 816, and at 318.

|0071] The opcrations of FIG. 8 1llustratc that data samplcs (c.g., a row of data) may bc
buffered in the memory device and provided to the applications processor while
additional data samples (e.g., a second row of data) 1s read from a sensor array, such as
the TFT pixels 106 of the sensor array 104. The operations of FIG. 8 may enable
improved efficiency of operations. For example, the operations of FIG. 8 may enable
efficient communications between the integrated circuit 102 and the applications
processor 230 by providing rows of data from the memory device 206 to the
applications processor 230 on a “per-row” basis. Accordingly, a first row of data may
be provided to the applications processor 230 while a second row of data 1s sensed from

the sensor array 104 and/or loaded into the memory device 206. In a particular
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embodiment, an 1mage of a fingerprint may be obtained by acquiring a first or reference
frame of data without generating an ultrasonic wave, followed by acquiring a second or
image frame of data after generating an ultrasonic wave, then subtracting the reference
frame from the 1mage frame to obtain an ultrasonic 1mage. One or more 1mage frames
may be acquired per reference frame. In another particular embodiment, the reference
frame may be acquired after the acquisition of an 1mage frame and subtracted
accordingly. In another particular embodiment, data from one or more rows of TE'T
pixcls may bc acquircd with and without an accompanying ultrasonic wavc to allow
nearly immediate subtraction of the background or reference signal levels. The
subtractions may be performed, for example, in either the applications processor or

within the integrated circuit 102.

[0072] Referring to FIG. 9, a particular 1llustrative embodiment of a method of
operation of an integrated circuit 1s depicted and generally designated 900. The

integrated circuit described with reference to FIG. 9 may correspond to the integrated

circuit 102 of FIG. 1.

[0073] The method 900 may include biasing, by the integrated circuit, thin-film
transistor (TFT) pixels of a sensor array, at 902. The sensor array and the TFT sensor
pixels may correspond to the sensor array 104 and the TFT pixels 106 of F1G. 1,
respectively. The TET pixels may be biased using a receiver bias voltage, such as the
recetver bias voltage RBIAS described with reference to FIGS. 5 and 7, which may
prevent the TET pixels of the sensor array from storing voltages responsive to signals
from the piezoelectric recerver layer 316 1n response to reflected ultrasonic waves, as
described further below. The TET pixcels may be biasced using the receiver bias voltage
when the bias voltage has a first value that causes the TFT pixels of the sensor array to
operate according to a ready mode of operation. The first value may correspond to the

hold mode described with reference to FIG. 7.

[0074] The method 900 may further include 1nitiating an ultrasonic sensing operation at
the mtegrated circuit, at 904. The recerver bias voltage may be adjusted to a second
value that causes the TFT pixels to operate according to a block mode of operation, at
906. For example, the second value may correspond to the block mode described with

reference to FIG. 7. A first signal may be provided from the integrated circuit to the
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sensor array, at 908. The first signal may correspond to the high voltage burst described
with reference to FIG. 6, which may drive the ultrasonic transmitter 108 to generate an

ultrasonic wave.

[0075] At 910, the recerver bias voltage may be adjusted to a third value that causes the
TET pixels to operate according to a sample mode of operation. The third value may
correspond to the sample mode described with reference to FIG. 7. The method 900
may further include receiving a second signal from the sensor array, at 912. The second
signal may be generated 1n response to a reflection of an ultrasonic wave, such as the
first reflection of the ultrasonic wave described with reference to FIG. 7. For example,
the ultrasonic wave may be generated at the piezoelectric transmitter layer 314 m
responsc to the first signal. The sccond signal may corrcspond to voltages that arc
osencrated by the TFT sensor pixels and the piezoelectric recerver layer 316 1n response
to the reflection of the ultrasonic wave. The method 900 may further include adjusting
the receiver bias voltage to the second value after the second signal 1s received trom the
sensor array, at 914. The receiver bias voltage may be adjusted to the second value to
reduce or prevent reception of a bounce of the reflection of the ultrasonic wave at the
TFT pixels (e.g., to keep the TFT pixels from storing voltages responsive to unwanted
signals that may occur at the piezoelectric receiver layer 316). The bounce after the
retlection may correspond to one or more of the multiple bounces described with

reference to FIG. 7.

[0076] Because the receiver bias voltage has the value associated with the block mode
during the main burst of the ultrasonic wave, and because the receiver bias voltage has
thc samplc valuc during the first retlection of the ultrasonic wave, reception of the first
reflection of the ultrasonic wave 1s enabled and reception of the main burst of the
ultrasonic wave 18 inhibited. Further, as illustrated in FIG. 9, the recerver bias voltage
may have the block value while additional bounces of the retlection are generated, thus
reducing or preventing reception of bounces after the first reflection of the ultrasonic

wave,

[0077] Referring to FIG. 10, a block diagram of a particular 1llustrative embodiment of
a mobile device 1s depicted and generally designated 1000. The mobile system 1000

may include a processor, such as the applications processor 230 of FIG. 2. In the



CA 02914491 2015-12-03

WO 2015/009766 PCT/US2014/046765

273

particular example of FIG. 10, the applications processor 230 includes a fingerprint
identifier 1012 and a frequency selector 1014. Alternatively, the applications processor
230 may include an ultrasonic touchpad 1dentifier or an ultrasonic touchscreen identifier

(not shown).

[0078] The applications processor 230 may be coupled to a computer-readable medium,
such as to a memory 1032 (e.g., a non-transitory computer-readable medium). The
memory 1032 may store mstructions 1054 executable by the applications processor 230

and data 1056 usable by the applications processor 230.

[0079] FIG. 10 also shows a display controller 1026 that 1s coupled to the applications
proccssor 230 and to a display device 1028 (¢.g., a touchscreen device). In the cxample
of FIG. 10, the display device 1028 includes the integrated circuit 102 and the sensor
array 104 of FIG. 1. According to other embodiments, the integrated circuit and/or the
sensor array 104 may be positioned elsewhere at the mobile system 1000. For example,
the mobile device 1000 may include dedicated fingerprint sensors separated from the
display device 1028. Thus, the display device 1028 may act as a display and as an
ultrasonic sensor system to transmit an ultrasonic burst, to receive a reflection of the
ultrasonic burst, and to provide information (e.g., on a pixel-by-pixel basis) related to
objects positioned near or on the display device 1028 based on the retlected ultrasonic
burst. In other embodiments, the display device 1028 may include a capacitive
touchscreen, with a portion of the touchscreen or a region near the touchscreen having

an ultrasonic sensor array that may be used for touch, stylus or fingerprint detection.

[0080] A codcr/dccoder (CODEC) 1034 can also be coupled to the applications
processor 230. A speaker 1036 and a microphone 1038 can be coupled to the CODEC
1034. The mobile system 1000 may include a camera. For example, FIG. 10 depicts
that a camera 1046 may be coupled to a camera controller 1090. The camera controller
1090 may be coupled to the applications processor 230. FIG. 10 also indicates that a
wireless controller 1040 can be coupled to the applications processor 230. The wireless
controller 1040 may be further coupled to an antenna 1042 via a radio frequency (RF)
interface 1050.

[0081] In a particular embodiment, the applications processor 230, the memory 1032,
the display controller 1026, the camera controller 1090, the CODEC 1034, the wireless
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controller 1040, and the RF interface 1050 are included in a system-in-package or
system-on-chip device 1022. An imnput device 1030 and a power supply 1044 may be
coupled to the system-on-chip device 1022. Moreover, 1n a particular embodiment, and
as illustrated 1in FIG. 10, the display device 1028, the input device 1030, the camera
1046, the speaker 1036, the microphone 1038, the antenna 1042, and the power supply
1044 are external to the system-on-chip device 1022. However, each of the display
device 1028, the mput device 1030, the camera 1046, the speaker 1036, the microphone
1033, the antcnna 1042, and the powcer supply 1044 can be coupled to a component of

the system-on-chip device 1022, such as to an mtertace or to a controller.

[0082] In operation, the applications processor 230 may receive data samples from the
intcgratced circuit 102. The data samples may corrcspond to mcasurcments of a reflected
ultrasonic wave of a particular frequency that 1s generated by the sensor array 104. The
data samples may be provided from the integrated circuit 102 to the applications

processor 230 on a “per-row” basis, as described with reference to FIG. 5.

[0083] In response to receiving the data samples from the mtegrated circuit 102, the
applications processor 230 may analyze a metric associated with data samples. In a
particular embodiment, the applications processor 1s configured to analyze a signal-to-
noise ratio (SNR) associated with the data samples. If the SNR satisties a threshold
(e.g., has a value that 1s above a predetermined threshold SNR), then the applications
processor 230 may send a signal to the integrated circuit 102 that indicates that the
integrated circuit 102 1s to maintain operation of the sensor array 104 at the particular
transmitter excitation frequency. Further, the applications processor 230 may utilize the
fingerprint 1dentificr 1012 to 1dentify and/or recognize a fingerprint associated with the

data samples (e.g., 1n order to authenticate a user of the mobile system 1000).

[0084] If the SNR does not satisfy the threshold (e.g., has a value that 1s less than a
predetermined threshold SNR), then the applications processor 230 may utilize the
frequency selector 1014 to determine another frequency at which the sensor array 104 1s
to be operated. For example, the applications processor 230 may select a first frequency
1016 or an nth frequency 1018. The applications processor 230 may send a response to

the integrated circuit 102 to mstruct the integrated circuit to begin operating the sensor
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array 104 according to the first frequency 1016 and/or the nth frequency 1018 and to

provide data samples based on the updated frequency of operation.

[0085] In response, the integrated circuit may operate the sensor array 104 according to
the updated frequency (e.g., may cause the sensor array 104 to generate an ultrasonic
wave at the selected frequency). In a particular embodiment, the applications processor
23() analyzes a transter function characteristic of the sensor array 104. For example, the
applications processor 230 may attempt to determine a frequency that corresponds to a
“peak” region of a transfer function characteristic of the sensor array 104 (e.g., in order
to increase the SNR associated with measured data samples). The transfer function may
represent the magnitude of the signal from the TFT pixels over a range of transmitter
driver frequencics. Depending in part on the thickness, arca, and diclectric constants of
the ultrasonic transmitter and the piezoelectric receiver layer, a local peak may be

obtained within a frequency range of interest, such as between about 5 MHz and about

20 MHz.

[0086] Because the integrated circuit 102 controls operations associated with the sensor
array 104, processing resources at the applications processor 230 may be freed. Further,
because the mtegrated circuit 102 includes components that may be implemented using
discrete components, design and/or manutacture of the mobile device 1000 may be

simplified and more compact as compared to devices with many discrete components.

[0087] Although the particular example of FIG. 10 1s described with reference to
fingerprint 1dentification, 1t should be appreciated that other conftigurations are within
thc scopc of the disclosurc. For cxamplc, thosc of skill 1n the art will recognize that 1n
connection with the described embodiments, ultrasound waves can be transmitted and
reflected from a stylus (e.g., a stylus used by a user to 1indicate one or more operations).
Alternatively or 1in addition, ultrasound waves can be transmitted and reflected based on
a ‘“‘user touch” operation. As used herein, a user touch operation may mclude a user
contacting a display surface (e.g., of the display device 1028) to indicate one or more
operations. For example, a user touch operation may indicate a selection operation
(e.g., a “click™), a zoom operation, a “long press” operation (e.g., touching a portion of a
touchscreen for a particular ttme duration, such as 1n order to select or delete text and/or

Icons), or a combination thereof.



CA 02914491 2015-12-03

WO 2015/009766 PCT/US2014/046765

_96 -

[0088] In connection with the described embodiments, a computer-readable medium
(e.g., the memory 1032) stores instructions (e.g., the instructions 1054 ) that are
executable by the mtegrated circuit 102, the applications processor 230, or a
combination thereot, to perform one or more operations described herein. The
operations may include providing a first signal from the itegrated circuit 102 to the
sensor array 104 and receiving a second signal from the sensor array 104. The second
signal may be generated 1n response to a retlection ot an ultrasonic wave. The
ultrasonic wavc 18 generated at the scnsor array 104 1n responsc to the first signal. The
sensor array includes means for generating (e.g., the ultrasonic transmitter 108)
configured to generate the ultrasonic wave 1n response to the first signal and means for
detecting (e.g., the piezoelectric recerver layer 316) the reflection of the ultrasonic

wavce. The reflection of the ultrasonic wave 1s reflected from a fingertip of a uscr.

[0089] In connection with the described embodiments, an apparatus includes an
integrated circuit configured to be operatively coupled to a sensor array that 1s
configured to generate an ultrasonic wave. The integrated circuit may correspond to the
integrated circuit 102. The sensor array may correspond to the sensor array 104. The
integrated circuit includes means for providing a first signal to the sensor array (e.g., the
data interface 404, which may include one or more input terminals of the integrated
circuit). The mtegrated circuit further includes means for recerving a second signal
from the sensor array in response to providing the first signal (e.g., the transmitter driver
interface 426, which may correspond to one or more output terminals of the integrated
circuit). The sensor array includes an ultrasonic transmitter (e.g., the ultrasonic
transmitter 108) configured to generate the ultrasonic wave 1n response to the first signal
and a piczoclcectric reeciver layer (c.g., the piczoclectric recerver layer 316) configurcd
to detect a reflection of the ultrasonic wave. The reflection of the ultrasonic wave 18

reflected from a fingertip of a user.

[0090] Those of skill in the art will appreciate that the foregoing disclosed devices and
functionalities may be designed and configured into computer files (e.g., RTL, GDSII,
GERBER, e¢tc.) stored on computer-readable media. Some or all such files may be
provided to fabrication handlers who fabricate devices based on such files. Resulting
products include semiconductor wafers that are separated into sesmiconductor dies and

packaged 1into semiconductor chips, such as the integrated circuit 102 of FIG. 1. The
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semiconductor chips may then be employed or otherwise integrated or included within
devices, such as within the mobile device or mobile system 1000 of FIG. 10. The
integrated circuit 102 may be configured to read a sensor array having pixels arranged
in rows and columns. The number of rows and columns may range from just a few,
corresponding to one or more ultrasonic buttons or a small sensor array, to thousands or
more 1 each row or column, corresponding to multiple-finger or palm-print readers, or
to ultrasonic touchpads or ultrasonic touch screens. A wake-up or power-up detection
circuit may be providced with the ultrasonic scnsor controllcr that dctects singlc taps or a
sequence of taps on the ultrasonic sensor array and generates a signal, for example, to
wake up a mobile device. The sequence of taps may represent a password or code to

limit access to the mobile device.

[0091] Those of skill would further appreciate that the various illustrative logical
blocks, configurations, modules, circuits, and algorithm steps described in connection
with the embodiments disclosed herein may be implemented as electronic hardware,
computer software, or combinations of both. Various illustrative components, blocks,
configurations, modules, circuits, and steps have been described above generally 1n
terms of their functionality. Whether such functionality 1s implemented as hardware or
software depends upon the particular application and design constraints imposed on the
overall system. Skilled artisans may implement the described functionality in varying
ways for cach particular application, but such implementation decisions should not be

interpreted as causing a departure from the scope of the present disclosure.

[0092] The steps of a method or algorithm described 1n connection with the
cmbodiments discloscd hercin may be ecmbodicd directly in hardware, 1 a softwarc
module executed by a processor, or in a combination of the two. A software module
may reside in random access memory (RAM), flash memory, read-only memory
(ROM), programmable read-only memory (PROM), erasable programmable read-only
memory (EPROM), electrically erasable programmable read-only memory (EEPROM),
registers, hard disk, a removable disk, a compact disc read-only memory (CD-ROM), or
any other form of storage medium known 1n the art. An exemplary non-transitory
medium 18 coupled to the processor such that the processor can read information from,
and write information to, the storage medium. In the alternative, the storage medium

may be integral to the processor. The processor and the storage medium may reside in
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an application-specific integrated circuit (ASIC) and/or a field programmable gate array
(FPGA) chip. The ASIC and/or FPGA chip may reside in a computing device or a user
terminal. In the alternative, the processor and the storage medium may reside as

discrete components 1n a computing device or user terminal.

[0093] The previous description of the disclosed embodiments 1s provided to enable a
person skilled 1n the art to make or use the disclosed embodiments. Various
modifications to these embodiments will be readily apparent to those skilled 1n the art,
and the principles defined herein may be applied to other embodiments without
departing from the scope of the disclosure. Thus, the present disclosure 18 not intended
to be limited to the embodiments shown herein but 1s to be accorded the widest scope
possiblc consistent with the principles and novcel featurcs as defined by the following

claims.
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CLAIMS:

1. An apparatus comprising:

an integrated circuit configured to be operatively coupled to a sensor array that

includes pixels and that is configured to generate an ultrasonic wave,
wherein the integrated circuit includes:

a bias generation module for generating a bias signal, the bias signal having one of
at least a block value and a sample value, the sample value having a smaller amplitude than
the block value, the bias signal having a block value for a duration dependent upon at least
one of a thickness of a component of the sensor array, a duration of an enable signal and a
frequency of the enable signal, the bias signal having the sample value for a duration
dependent upon at least one of a duration of the enable signal and a frequency of the enable

signal;
a first terminal to output the bias signal;

a transmitter circuit configured to provide a first signal to the sensor array; and

a recetver circuit configured to receive a second signal from the sensor array in

response to providing the first signal,
wherein the sensor array includes:

an ultrasonic transmitter configured to genecrate the ultrasonic wave 1n response to

the first signal;

a piezoelectric receiver layer configured to detect a reflection of the ultrasonic

wave; and

a bias electrode configured to bias the piezoelectric receiver layer with one of a
block signal based on the bias signal when this has the block value causing the piezoelectric

receiver layer to operate in a block mode in which reception of the ultrasonic wave is

CA 2914491 2018-01-18
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inhibited, and a smaller amplitude sample signal based on the bias signal when this has the

sample value causing the piezoelectric receiver layer to operate in a sample mode in which

reception of the ultrasonic wave is enabled.

2. The apparatus of claim 1, wherein the transmitter circuit includes one or more
transmitter driver circuits configured to provide the first signal to the ultrasonic transmitter of
the sensor array, and wherein the receiver circuit includes selection logic configured to select

between individual thin-film transistor pixels of the sensor array.

3. The apparatus of claim 1, wherein the integrated circuit further includes a
transmitter driver interface, and wherein the transmitter circuit applies the first signal to the

sensor array via the transmitter driver interface.

4. The apparatus of claim 3, wherein the transmitter driver interface includes an H-

bridge circuit.

J. The apparatus of claim 1, wherein the piezoelectric receiver layer corresponds to at

least one thin-film transistor pixel of a plurality of thin-film transistor pixels of the sensor

array.

6. The apparatus of claim 1, further comprising the sensor array, wherein the first
signal includes a voltage burst to cause the ultrasonic transmitter to emit the ultrasonic wave,
and wherein the second signal corresponds to a set of samples sensed by thin-film transistor

pixels of the sensor array, the set of samples corresponding to the reflection of the ultrasonic

wave.

7. The apparatus of claim 1, further comprising the sensor array and a printed circuit

board, wherein the integrated circuit and the sensor array are attached to the printed circuit
board, wherein the apparatus preferably further comprises a flex circuit operatively coupling

the integrated circuit to the sensor array.

8. The apparatus of claim 1, wherein the bias signal can additionally have a hold

value, and wherein the bias electrode is configured to bias the piezoelectric receiver layer with

CA 2914491 2018-01-18



81793143
- 31 -

a hold signal based on the hold value causing the piezoelectric receiver layer to operate in a

ready mode.

9. The apparatus of claim 1, wherein the receiver circuit comprises selection logic

configured to select samples from the sensor array.

10. The apparatus of claim 9, wherein the recerver circuit includes a memory

configured to buffer the samples, and further comprising a processor interface configured to

output the samples to a processor.

11. The apparatus of claim 10, wherein the processor interface includes a serial

peripheral interface.

12. The apparatus of claim 1, wherein the integrated circuit is an application-specific

integrated circuit (ASIC) that 1s configured to drive the sensor array.

13. The apparatus of claim 12, wherein the sensor array 1s responsive to a resonant

circuit that is controlled by the ASIC, and wherein the resonant circuit includes inductors.

14. The apparatus of claim 12, further comprising one or more multiplexers (MUXs) of

the sensor array, wherein the one or more MUXs are configured to provide data samples to the

ASIC.

15. The apparatus of claim 14, wherein the one or more MUXs are further configured

to provide the data samples to the ASIC based on a plurality of enable signals received from a

row-read state machine of the ASIC.

CA 2914491 2018-01-18
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902

Bias, by an integrated circuit, TFT pixels of a sensor array using a receiver bias
voltage when the receiver bias voltage has a first value that causes the TFT pixels of
the sensor array to operate according {0 a ready mode of operation

904

Initiate an ultrasonic sensing operation at the integrated circuit

906

Adjust the receiver bias voltage to a second value that causes the TFT pixels of the
sensor array to operate according to a block mode of operation

908

Provide a first signal from the integrated circuit to the sensor array

910

Adjust the receiver bias voltage o a third value that causes the TFT pixels of the
sensor array to operate according to a sample mode of operation

912

Recelve a second signal from the sensor array, where the second signal is generated
In response to a reflection of an ultrasonic wave, the ultrasonic wave generated at the
sensor array Iin response to the first signal

914

Adjust the receiver bias voltage to the second value after the second signal is
received from the sensor array to reduce reception of a bounce of the reflected
ultrasonic wave

FIG. 9
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