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second transparent layers.
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TRANSPARENT PARAMETRIC EMITTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a divisional of and claims the
benefit of U.S. Utility application Ser. No. 14/604,565 filed
Jan. 23,2015, titled Transparent Parametric Emitter, which is
a continuation-in-part of and claims the benefit of U.S. Utility
application Ser. No. 14/330,794 filed Jul. 14, 2014, titled
Transparent Parametric Emitter, which issued as U.S. Pat.
No. 8,976,997 on Mar. 10, 2015, and U.S. Utility application
Ser. No. 14/056,878, filed Oct. 17, 2013, titled Transparent
Parametric Transducer and Related Methods, which issued as
U.S. Pat. No. 9,258,651 on Feb. 9, 2016, each of which are
incorporated herein by reference in their entirety.

TECHNICAL FIELD

[0002] The present disclosure relates generally to paramet-
ric speakers. More particularly, some embodiments relate to a
transparent ultrasonic emitter.

BACKGROUND OF THE INVENTION

[0003] Parametric sound is a fundamentally new class of
audio, which relies on a non-linear mixing of an audio signal
with an ultrasonic carrier. One of the key enablers for this
technology is a high-amplitude, efficient ultrasonic source,
which is referred to here as an emitter or transducer. Ultra-
sonic emitters can be created through a variety of different
fundamental mechanisms, such as piezoelectric, electro-
static, and thermoacoustic, to name a few. Electrostatic emit-
ters are generally capacitive devices consisting of two con-
ductive faces with an air gap, where at least one of the
conductive faces has a texture that is critical to the function-
ality of the emitter.

[0004] Non-linear transduction results from the introduc-
tion of sufficiently intense, audio-modulated ultrasonic sig-
nals into an air column. Self-demodulation, or down-conver-
sion, occurs along the air column resulting in the production
of an audible acoustic signal. This process occurs because of
the known physical principle that when two sound waves with
different frequencies are radiated simultaneously in the same
medium, a modulated waveform including the sum and dif-
ference of the two frequencies is produced by the non-linear
(parametric) interaction of the two sound waves. When the
two original sound waves are ultrasonic waves and the differ-
ence between them is selected to be an audio frequency, an
audible sound can be generated by the parametric interaction.
[0005] Parametric audio reproduction systems produce
sound through the heterodyning of two acoustic signals in a
non-linear process that occurs in a medium such as air. The
acoustic signals are typically in the ultrasound frequency
range. The non-linearity of the medium results in acoustic
signals produced by the medium that are the sum and differ-
ence of the acoustic signals. Thus, two ultrasound signals that
are separated in frequency can result in a difference tone that
is within the 60 Hz to 20,000 Hz range of human hearing.

SUMMARY

[0006] Embodiments of the technology described herein
include an ultrasonic audio speaker system, comprising an
ultrasonic emitter. In various embodiments, the emitter is a
transparent emitter configured with a sufficient degree of
transparency so that it can be positioned over, or implemented
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as, a screen for a display of a content device. The transparent
ultrasonic audio speaker in various embodiments includes an
emitter and a driver.

[0007] In one embodiment, an ultrasonic audio speaker
includes: a first transparent conductive layer; a second trans-
parent conductive layer; and a plurality of transparent spacers
disposed between the first and second transparent layers con-
ductive of the ultrasonic audio speaker, the transparent spac-
ers having a thickness and being arranged to define an open
area between the first and second transparent layers.

[0008] Inone embodiment, the first transparent conductive
layer includes a first conductive layer adjacent a first noncon-
ductive layer and the second transparent conductive layer
includes a second conductive layer adjacent a second non-
conductive layer. A hard coat layer may be included and
disposed on the first transparent conductive layer.

[0009] The spacers may include a pattern of transparent
structures disposed between the first and second transparent
conductive layers, and may be of a dimension chosen to
define a resonant frequency of the ultrasonic audio speaker.
The spacers may include a plurality of transparent dots
arranged in a pattern between the first and second transparent
conductive layers. In other embodiments, the spacers may
include a plurality of transparent ridges arranged in a pattern
between the first and second transparent conductive layers.
The transparent ridges may include a plurality of parallel
ridges, a plurality of cross-wise ridges or a plurality of ridges
arranged as concentric rings.

[0010] The ultrasonic audio speaker may have a resonant
frequency, which may be defined by a volume of the open area
between the first and second transparent layers and a thick-
ness of the first transparent layer.

[0011] The ultrasonic audio speaker may be configured
such that the first and second transparent layers and the trans-
parent spacers as disposed between the two layers have a
combined transmittance of greater than 80% in the visible
spectrum. The ultrasonic audio speaker may be disposed on a
display screen of a content device.

[0012] In yet another embodiment, an electronic content
device, includes: a power supply; a content engine coupled to
receive power from the power supply and to generate electri-
cal signals representing audio content and electrical signals
representing display content; a display coupled to the content
engine and configured to receive the electrical signals repre-
senting display content and to generate a visual representa-
tion of the display content; and a transparent ultrasonic carrier
audio emitter disposed on the display. The transparent ultra-
sonic carrier audio emitter may include: an ultrasonic audio
speaker includes: a first transparent conductive layer; a sec-
ond transparent conductive layer; and a plurality of transpar-
ent spacers disposed between the first and second transparent
layers conductive of the ultrasonic audio speaker, the trans-
parent spacers having a thickness and being arranged to
define an open area between the first and second transparent
layers.

[0013] The electronic content device a may also include a
modulator coupled to receive the electrical signals represent-
ing audio content, and to modulate the received electrical
signals onto and ultrasonic carrier; and a driver circuit having
two inputs configured to be coupled to receive the audio
content modulated onto an ultrasonic carrier signal, and two
outputs, wherein a first output is coupled to the transparent
conductor and the second output is coupled to the partially
open transparent conductive layer.
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[0014] The ultrasonic emitter may have a resonant fre-
quency defined by spacing between the transparent layers and
dimensions of the spacers.

[0015] The spacers may be of a dimension chosen to define
a resonant frequency of the ultrasonic audio speaker.

[0016] Other features and aspects of the invention will
become apparent from the following detailed description,
taken in conjunction with the accompanying drawings, which
illustrate, by way of example, the features in accordance with
embodiments of the invention. The summary is not intended
to limit the scope of the invention, which is defined solely by
the claims attached hereto.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention, in accordance with one or
more various embodiments, is described in detail with refer-
ence to the accompanying figures. The drawings are provided
for purposes of illustration only and merely depict typical or
example embodiments of the invention. These drawings are
provided to facilitate the reader’s understanding of the sys-
tems and methods described herein, and shall not be consid-
ered limiting of the breadth, scope, or applicability of the
claimed invention.

[0018] Some of the figures included herein illustrate vari-
ous embodiments of the invention from different viewing
angles. Although the accompanying descriptive text may
refer to elements depicted therein as being on the “top,”
“bottom” or “side” of an apparatus, such references are
merely descriptive and do not imply or require that the inven-
tion be implemented or used in a particular spatial orientation
unless explicitly stated otherwise.

[0019] FIG. 1 is a diagram illustrating an ultrasonic sound
system suitable for use with the emitter technology described
herein.

[0020] FIG.2is adiagram illustrating another example of a
signal processing system that is suitable for use with the
emitter technology described herein.

[0021] FIG.3A is anexploded view diagram illustrating an
example emitter in accordance with one embodiment of the
technology described herein.

[0022] FIG. 3B is an exploded view diagram illustrating an
example emitter in accordance with one embodiment of the
technology described herein.

[0023] FIG.3Cis an exploded view diagram illustrating an
example emitter in accordance with one embodiment of the
technology described herein.

[0024] FIG. 4 is a diagram illustrating a cross sectional
view of an assembled emitter in accordance with the example
illustrated in FIG. 3A.

[0025] FIG. 5 is a diagram illustrating a further embodi-
ment of a transparent parametric emitter.

[0026] FIG. 6is a diagram illustrating another embodiment
of a transparent parametric emitter.

[0027] FIG. 7 is a diagram illustrating yet another embodi-
ment of a transparent parametric emitter.

[0028] FIG. 8 is a diagram illustrating examples of spacer
patterns in accordance with various embodiments of the tech-
nology described herein.

[0029] FIG.9is adiagram illustrating another example of a
simple driver circuit that can be used to drive the emitters
disclosed herein.

[0030] FIG. 10 is a diagram illustrating a cutaway view of
an example of a pot core that can be used to form a pot-core
inductor.
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[0031] FIG. 11 is an exploded view diagram of an emitter
and an accompanying content device with which it is incor-
porated in accordance with one embodiment of the technol-
ogy described herein.

[0032] FIG. 12A is a diagram illustrating an example of an
emitter (e.g., emitter 6) applied to the screen of a smart phone.
[0033] FIG. 12B is a diagram illustrating an example of an
emitter (e.g., emitter 6) applied to the screen of a flat screen
television.

[0034] FIG. 12C is a diagram illustrating an example of an
emitter (e.g., emitter 6) applied to the screen of a portable
GPS device.

[0035] FIG. 12D is a diagram illustrating an example of an
emitter (e.g., emitter 6) applied to the screen of a digital
camera.

[0036] FIG. 12E is a diagram illustrating an example of an
emitter (e.g., emitter 6) applied to the screen of a handheld
gaming device.

[0037] FIG. 13 is a diagram illustrating one example con-
figuration of a dual-channel emitter configured to provide
ultrasonic carrier audio for two audio channels.

[0038] FIGS. 14a and 15a are diagrams illustrating an
example of an emitter in an arcuate configuration.

[0039] FIGS. 145 and 155 are diagrams illustrating an
example of an emitter in a cylindrical configuration.

[0040] The figures are not intended to be exhaustive or to
limit the invention to the precise form disclosed. It should be
understood that the invention can be practiced with modifi-
cation and alteration, and that the invention be limited only by
the claims and the equivalents thereof.

DESCRIPTION

[0041] Embodiments of the systems and methods
described herein provide a HyperSonic Sound (HSS) audio
system or other ultrasonic audio system for a variety of dif-
ferent applications. Certain embodiments provide an ultra-
sonic emitter for ultrasonic carrier audio applications. Pref-
erably, the ultrasonic emitter is made using conductive layers
or regions on glass or other transparent material, separated by
a transparent insulating layer, so that the emitter has a high
degree of transparency.

[0042] Accordingly, in some embodiments, the emitter is
sufficiently transparent such that it can be positioned on or in
front of the display screen of a content playback or display
device to provide directional audio to a user of the device. In
other embodiments, the emitter can be provided in place of
the display screen of a content playback or display device.
Content display devices such as, for example, laptops, tablet
computers, computers and other computing devices, smart-
phones, televisions, PDAs, mobile devices, mp3 and video
players, digital cameras, navigation systems, point-of-sale
terminals and other content display devices are becoming
smaller and lighter and are being designed with power saving
features in mind.

[0043] Because of the shrinking size of such content
devices, there is less room available in the device packaging
to include audio speakers. Conventional audio speakers gen-
erally operate better with a resonating chamber, and also
resonate at frequencies requiring a relatively large degree of
movement from the speaker cone. Accordingly, sufficient
space is required in the device packaging to accommodate
such speakers. This can become particularly challenging with
contemporary content devices in which displays, and hence
the devices, are becoming increasing thin. Also contributing
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to this challenge is the fact that contemporary content devices
are often designed such that the front face of the device is
primarily occupied by the display screen, which is sur-
rounded by only a small, decorative border. Thus, it has
become increasingly more difficult to achieve desired audio
output with conventional acoustic audio speakers given these
dimensional constraints. Moreover, conventional acoustic
audio speakers tend to not be highly directional. Therefore, it
is difficult to “direct’ conventional audio signals exclusively
to an intended listener location.

[0044] Therefore, in some embodiments, one or more
transparent parametric emitters are disposed on the face of the
device to allow parametric audio content to be provided to the
device user(s). Further, in some embodiments, a transparent
emitter can be positioned over part or all of the content
device’s display. In still further embodiments, a transparent
emitter can be provided and used as (e.g., in place of) the
display’s protective cover (i.e., glass facing). Accordingly, in
various embodiments, the transparent emitter is manufac-
tured with materials providing sufficient light transmittance
in the visible spectrum to allow satisfactory viewing by a
user(s). For example, in some embodiments the light trans-
mittance of the emitter in the visible spectrum is 50% or
greater. In further embodiments, the light transmittance of the
emitter in the visible spectrum is 60% or greater. In still
further embodiments, the light transmittance of the emitter in
the visible spectrum is 70% or greater. In still further embodi-
ments, the light transmittance of the emitter in the visible
spectrum is 80% or greater. As a further example, the light
transmittance of the emitter in the visible spectrum is in the
range of 70-90%. As yet another example, the light transmit-
tance of the emitter in the visible spectrum is in the range of
75-85%. As still another example, the light transmittance of
the emitter in the visible spectrum is in the range of 80-95%.

[0045] FIG. 1 is a diagram illustrating an ultrasonic sound
system suitable for use with the systems and methods
described herein. In this exemplary ultrasonic audio system 1,
audio content from an audio source 2, such as, for example, a
microphone, memory, a data storage device, streaming media
source, CD player, DVD player, content display device, or
other audio source is received. The audio content may be
decoded and converted from digital to analog form, depend-
ing on the source. The audio content received by the audio
system 1 is modulated onto an ultrasonic carrier of frequency
1, using a modulator. The modulator typically includes a
local oscillator 3 to generate the ultrasonic carrier signal, and
multiplier 4 to multiply the audio signal by the carrier signal.
The resultant signal is a double- or single-sideband signal
with a carrier at frequency fl. In some embodiments, signal is
a parametric ultrasonic wave or an HSS signal. In most cases,
the modulation scheme used is amplitude modulation, or AM.
AM can be achieved by multiplying the ultrasonic carrier by
the information-carrying signal, which in this case is the
audio signal. The spectrum of the modulated signal has two
sidebands, an upper and a lower side band, which are gener-
ally symmetric with respect to the carrier frequency, and the
carrier itself.

[0046] The modulated ultrasonic signal is provided to the
emitter or transducer 6, which launches the ultrasonic wave
into the air creating ultrasonic wave 7. When played back
through the transducer at a sufficiently high sound pressure
level, due to nonlinear behavior of the air through which it is
‘played’ or transmitted, the carrier in the signal mixes with the
sideband(s) to demodulate the signal and reproduce the audio
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content. This is sometimes referred to as self-demodulation.
Thus, even for single-sideband implementations, the carrier is
included with the launched signal so that self-demodulation
can take place. Although the system illustrated in FIG. 1 uses
a single transducer to launch a single channel of audio con-
tent, one of ordinary skill in the art after reading this descrip-
tion will understand how multiple mixers, amplifiers and
transducers can be used to transmit multiple channels of
audio using ultrasonic carriers.

[0047] Oneexampleofa signal processing system 10 thatis
suitable for use with the technology described herein is illus-
trated schematically in FIG. 2. In this embodiment, various
processing circuits or components are illustrated in the order
(relative to the processing path of the signal) in which they are
arranged according to one implementation. It is to be under-
stood that the components of the processing circuit can vary,
as can the order in which the input signal is processed by each
circuit or component. Also, depending upon the embodiment,
the signal processing system 10 can include more or fewer
components or circuits than those shown.

[0048] The example shown in FIG. 1 is optimized for use in
processing two input and output channels (e.g., a “stereo”
signal), with various components or circuits including sub-
stantially matching components for each channel of the sig-
nal. It will be understood by one of ordinary skill in the art
after reading this description that the audio system 1 can be
implemented using a single channel (e.g., a “monaural” or
“mono” signal), two channels (e.g., “stereo”) (as illustrated in
FIG. 2), or a greater number of channels.

[0049] Referring now to FIG. 2, the example signal pro-
cessing system 10 can include audio inputs that can corre-
spond to left 124 and right 125 channels of an audio input
signal. Equalizing networks 14a, 145 can be included to
provide equalization of the signal. The equalization networks
can, for example, boost or suppress predetermined frequen-
cies or frequency ranges to increase the benefit provided
naturally by the emitter/inductor combination of the paramet-
ric emitter assembly.

[0050] After the audio signals are equalized, compressor
circuits 16a, 165 can be included to compress the dynamic
range of the incoming signal, effectively raising the ampli-
tude of certain portions of the incoming signals and lowering
the amplitude of certain other portions of the incoming sig-
nals. More particularly, compressor circuits 16a, 165 can be
included to narrow the range of audio amplitudes. In one
aspect, the compressors lessen the peak-to-peak amplitude of
the input signals by a ratio of not less than about 2:1. Adjust-
ing the input signals to a narrower range of amplitude can be
done to minimize distortion, which is characteristic of the
limited dynamic range of this class of modulation systems. In
other embodiments, the equalizing networks 14a, 145 can be
provided after compressor circuits 16a, 165, to equalize the
signals after compression.

[0051] Low pass filter circuits 18a, 185 can be included to
provide a cutoff of high portions of the signal, and high pass
filter circuits 20a, 206 providing a cutoff of low portions of
the audio signals. In one exemplary embodiment, low pass
filter circuits 18a, 185 are used to cut signals higher than
about 15-20 kHz, and high pass filter circuits 20a, 205 are
used to cut signals lower than about 20-200 Hz.

[0052] The high pass filter circuits 20a, 205 can be config-
ured to eliminate low frequencies that, after modulation,
would result in deviation of carrier frequency (e.g., those
portions of the modulated signal that are closest to the carrier
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frequency). Also, some low frequencies are difficult for the
system to reproduce efficiently and as a result, much energy
can be wasted trying to reproduce these frequencies. There-
fore, high pass filter circuits 20a, 205 can be configured to cut
out these frequencies.

[0053] Low pass filter circuits 18a, 185 can be configured
to eliminate higher frequencies that, after modulation, could
result in the creation of an audible beat signal with the carrier.
By way of example, if a low pass filter cuts frequencies above
15 kHz, and the carrier frequency is approximately 44 kHz,
the difference signal will not be lower than around 29 kHz,
which is still outside of the audible range for humans. How-
ever, if frequencies as high as 25 kHz were allowed to pass the
filter circuit, the difference signal generated could be in the
range of 19 kHz, which is within the range of human hearing.

[0054] In the example signal processing system 10, after
passing through the low pass and high pass filters, the audio
signals are modulated by modulators 22a, 225. Modulators
22a, 22b, mix or combine the audio signals with a carrier
signal generated by oscillator 23. For example, in some
embodiments a single oscillator (which in one embodiment is
driven at a selected frequency of 40 kHz to 50 kHz, which
range corresponds to readily available crystals that can be
used in the oscillator) is used to drive both modulators 22a,
22b. By utilizing a single oscillator for multiple modulators,
anidentical carrier frequency is provided to multiple channels
being output at 244, 245 from the modulators. Using the same
carrier frequency for each channel lessens the risk that any
audible beat frequencies may occur.

[0055] High-pass filters 27a, 275 can also be included after
the modulation stage. High-pass filters 27a, 275 can be used
to pass the modulated ultrasonic carrier signal and ensure that
no audio frequencies enter the amplifier via outputs 24q, 245.
Accordingly, in some embodiments, high-pass filters 27a,
27b can be configured to filter out signals below about 25
kHz. Also, in various embodiments, error correction may be
employed to reduce or cancel out distortion that may arise in
transmission of the ultrasonic signal through the medium to
the listener.

[0056] FIG.3A is anexploded view diagram illustrating an
example emitter in accordance with one embodiment of the
technology described herein. The example emitter shown in
FIG. 3 includes sheets 45 and 46, which in various embodi-
ments are transparent sheets. Although sheets 45, 46 can be
transparent, non-transparent materials can be used as well.
For ease of discussion, the emitter configurations are
described herein from time to time as transparent emitters.
However, one of ordinary skill in the art will understand that
for various applications, opaque emitters or emitters with
varying levels of opacity can be provided as well. In such
alternative embodiments, one or more of the sheets of the
emitter can be made with opaque or semi-opaque materials.

[0057] Sheets 45, 46 in the illustrated example, each
include two layers 45a, 456 and 46a, 465, respectively. Sheet
45 in this example, includes a base layer 456 comprising glass
or other like material. Sheet 45 also includes a conductive
layer 454 provided in the illustrated example on the top sur-
face of base layer 454. Similarly, in this example, sheet 46
includes a base layer 465 comprising glass or other like mate-
rial, and a conductive layer 46a provided in the illustrated
example on the top surface of base layer 465. Conductive
layers 454, 46a are illustrated with shading on the visible
edges to better contrast the conductive regions and the non-
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conductive regions. Although some embodiments may use
shaded or tinted materials, the shading in the drawings is done
for illustrative purposes only.

[0058] Theconductive layers 45a,46a can be a thin layer of
conductive material deposited on their respective base layers
45b, 46b. For example, conductive layers 454, 46a can com-
prise a conductive coating sprayed, evaporated, or otherwise
deposited on base layers 455, 465. As a further example, the
conductive layers 45a, 46a can comprise Indium Tin Oxide
(ITO), Fluorine doped Tin Oxide (FTO), doped zinc oxide,
transparent gold, so-called hybrid transparent conductive
coatings, conductive polymers, metal oxides or other like
conductive material coated onto the transparent substrate.
Conductive layers 45a, 46a can also comprise a layer of
carbon nanotube networks or Graphene or a combination
thereof disposed on the transparent sheet.

[0059] Conductive layers 45a, 46a can also comprise a
conductive sheet of material laminated or otherwise depos-
ited on base layers 45b, 465. For example, a conductive mylar
or other like film can be laminated or otherwise deposited on
base layers 4556, 465. In still further embodiments, conductive
layers 45a, 46a can comprise a doped conduction layer or
diffusion layer of conductive material that has been diffused
partially or completely into sheets 45, 46 to form conductive
layers 45a,46a. For example, gold or other conductive metals
can be diffused into the glass to a desired depth and at a
desired concentration to provide conductivity to a desired
value (e.g. a desired value of ohms/square). Preferably, the
conductive region/layer 45a, 46a has a high degree of trans-
parency (e.g., greater than 80% or 90% in the visible spec-
trum, although other transparencies can be used) so as not to
unduly adversely affect the overall transparency of the emit-
ter.

[0060] Accordingly, sheets 45 and 46 comprise base layers
45b, 465 each with a conductive layer 45a, 464 having a low
electrical resistance. For example, in one embodiment, the
resistance of each conductive layer 454, 46a can be 100
ohms/square or less. In other embodiments, the resistance of
each conductive layer 454, 46a can be 50 ohms/square or less.
In further embodiments, the resistance of each conductive
layer 45a, 46a can be 10 ohms/square or less. In still other
embodiments, the resistance of each conductive layer 45a,
46a can be 150 ohms/square or less. In yet other embodi-
ments, the resistances of conductive layers 454, 46a can have
other values, and the resistance of conductive layers 45a, 46a
need not be equal to one another.

[0061] In some embodiments, sheets 45, 46 are imple-
mented using a high-ion-exchange (HIE) alkali-aluminosili-
cate thin-sheet glass. More particularly, in some embodi-
ments, sheets 45, 46 comprise a sheet of Corning® Gorilla®
Glass (available from Corning Incorporated, One Riverfront
Plaza, Corning, N.Y. 14831 USA), or other like material. In
other embodiments, sheets 45, 46 are implemented using
Corning® Willow™ Glass, also available from Corning
Incorporated, One Riverfront Plaza, Corning, N.Y. 14831
USA). For example, in one embodiment, sheet 46 is made of
Willow Glass and sheet 45 is made of a thicker, more rigid
Gorilla Glass. As described elsewhere herein, and as would be
apparent to one of ordinary skill in the art after reading this
description, other transparent materials can be used for sheets
45 and 46.

[0062] Although sheets 45, 46 or their respective base lay-
ers 45b, 46b are described above as comprising glass sheets,
other transparent materials can be used for transparent base
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layers 455, 465. For example, polycarbonates, acrylics, Plexi-
glas, plastics or other like materials can be used. In some
embodiments, metallized films with a sufficiently light-trans-
mitting metallic coating so as to provide transparency without
adversely affecting viewing of content through the emitter
can be used to provide the conductive sheets 45 and/or 46. For
example, in one embodiment, a glass or other rigid material
can be used for sheet 45 (e.g., to form a rigid backplate for the
emitter) and a metallized film can be used for sheet 46.
Accordingly, metallized films such as, for example, Mylar
and Kapton® can be used as either or both sheets 45 and 46.
[0063] Insomeembodiments, sheet45 canbeofathickness
in the range of about 2 mm-10 mm and sheet 46 can be of a
thickness in the range of about 0.05 mm-0.5 mm, although
other thicknesses are permitted. For example, in some
embodiments, layer 46 is 0.25 mils in thickness and sheet 45
is 20 mils in thickness. A thinner, lower resistance layer
between conductive layers 45a, 46a allows operation of the
emitter with a lower amount of bias voltage.

[0064] In operation, one layer vibrates in response to the
electrical signal provided across the layers, launching the
modulated ultrasonic signal into the transmission medium
(e.g., into the air). Assume, for example, in some embodi-
ments that the emitter is configured such that layer 46 is
positioned toward the face of the emitter and vibrates in
response to the electrical signal, and sheet 45 is toward the
back of the emitter. In some embodiments, sheet 45 may be
provided with sufficient thickness to impart a desired amount
of rigidity and strength to the emitter. Accordingly, in some
embodiments, sheet 45 may be of greater thickness than layer
46. In fact, in various embodiments, layer 46 is provided thin
enough to allow it to oscillate and launch the modulated
ultrasonic carrier into the air.

[0065] Invarious embodiments, conductive layers 45a,46a
may be much thinner than base layers 454, 465. However, for
ease of illustration, the dimensions (including the relative
thicknesses) of the various layers 45a, 45b, 46a, 465 are not
drawn to scale.

[0066] Where sheets 45, 46 include a conductive layer 45a,
46a and a base layer 45b, 465, the intermediate base layer
between the two conductive layers (base layer 465 in the
illustrated example) can serve as a resistive layer, electrically
isolating conductive layer 46a from conductive layer 454. In
various embodiments, this intermediate base layer (465 in the
illustrated example) is of sufficient thickness to prevent arc-
ing or shorting between conductive layers 45a, 464. In further
embodiments, this intermediate base layer (465 in the illus-
trated example) in series with an air gap provided between
layers 45 and 46, is of sufficient resistance to prevent arcing or
shorting between conductive layers 45a, 46a.

[0067] Invarious embodiments, a separate insulating layer
47 (shown in FIGS. 3B, 3C) can be included to provide
additional electrical isolation between layers 45 and 46. Insu-
lating layer 47 can comprise a glass, plastic, or polymer layer
or other high-optical-transmittance layer having relatively
low conductivity to provide an insulating layer between
sheets 45 and 46. For example, insulating layer 47 can have a
very high or even a virtually infinite resistance. For applica-
tions where a thin emitter is desired, insulating layer 47 can be
chosen to be as thin as possible or practical, while preventing
electrical shorting or arcing between layers 45 and 46. Insu-
lating layer 47 can be made, for example, using glass, poly-
carbonates, acrylics, plastics, PET, axially or biaxially-ori-
ented polyethylene terephthalate, polypropylene, polyimide,
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or other insulative film or material. Preferably, insulating
layer 47 has sufficiently high resistivity to prevent arcing
between layers 45 and 46. Note that where the insulating
properties of base layer 464 (in FIG. 3B) are sufficient, insu-
lating layer 47 is not needed (i.e., the embodiment shown in
FIG. 3A is sufficient).

[0068] Insulating layer 47 can be chosen to be as thin as
possible or practical, while preventing electrical shorting or
arcing between layers 45 and 46. Insulating layer 47 can be
made, for example, using glass, polycarbonates, acrylics,
plastics, PET, axially or biaxially-oriented polyethylene
terephthalate, polypropylene, polyimide, or other insulative
film or material. Preferably, insulating layer 47 has suffi-
ciently high resistivity to prevent arcing between layers 45
and 46.

[0069] For applications where transparency is desired, high
transmittance materials in the visible spectrum are preferred.
For example, Gorilla Glass and Willow Glass have transmit-
tances of approximately 90% or greater in the visible wave-
lengths. Materials with high transmittances are well suited for
applications where the parametric emitter is affixed to, or
used in place of, the display of a content device such as a
laptop, tablet, smartphone, computer, television, mobile
device, camera, portable GPS unit, or other content display
device. Where a two-layer system is used with each layer
having 90% or better transmittance, the emitter can be made
having a total transmittance of approximately 81% or better.
Additional applications are also described below.

[0070] Sheets 45 and 46 (and insulating layer 47, if
included) can be joined together using a number of different
techniques. For example, frames, clamps, clips, adhesives or
other attachment mechanisms can be used to join the layers
together. The layers can be joined together at the edges to
avoid interfering with resonance of the emitter films. Prefer-
ably, sheets 45 and 46 (and insulating layer 47 when included)
are held together in close, fixed relation to one another.
[0071] Spacers 49 (FIG. 4) can be included between layers
45, 46 (and 47, if included) to allow a gap between layers. In
various embodiments, an air gap is provided between layer 46
and the next adjacent layer (45 or 47) to allow layer 46 to
oscillate in response to the modulated carrier signal. Spacers
49 can be provided in various shapes and forms and can be
positioned at various locations between the layers to provide
support to maintain the air gap. For example, spacers can be
dots or beads made from low-conductivity material such as,
for example, glass, plastics, and so on. Spacers can also be
made using silicone or other gels, fine dust or sand, transpar-
ent liquids or other transparent materials. In various embodi-
ments, the contact area of the spacers 49 at layer 46 is main-
tained as a small contact area so as not to interfere with
oscillation of layer 46. In various embodiments, the air gap
can range from 0.1 to 20 mils. In some applications, layer 46
oscillates to a displacement of about 1 micron (0.03937 mils)
in order to produce a sufficiently audible signal. Accordingly,
the air gap in such embodiments is greater than 0.03937 mils
to avoid having the base layer 45 (which may be rigid or
mounted on a rigid surface) interfere with the oscillation of
layer 46.

[0072] Although conductive sheets 45 and 46 can be the
same thickness, in some embodiments, one of the conductive
sheets (e.g., sheet 45) can be made of a thicker material to
provide greater rigidity to the emitter. Because resonance will
be affected by the thickness, this thicker sheet will typically
be the sheet positioned away from the listener and form a
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transparent backing plate of the emitter. For example, con-
ductive sheet 45 can be up to 125 mils in thickness, or thicker,
thereby increasing the thickness and rigidity of the emitter.
[0073] In some embodiments, with a thicker layer serving
as a backing plate, the emitter can replace the screen that
might otherwise be present on the display of a content device.
In such embodiments, for example, the emitter can be
assembled and used to replace the glass (or other material)
cover of the content device. In other embodiments, the emitter
can be added to the screen of the content device as an outer
layer thereof.

[0074] Additionally, sheet 45 can be a smooth or substan-
tially smooth surface, or it can be rough or pitted. For
example, sheet 45 can be sanded, sand blasted, formed with
pits or irregularities in the surface, deposited with a desired
degree of ‘orange peel” or otherwise provided with texture.
This texture can provide effective spacing between sheets 45,
46, allowing sheet 46 to vibrate in response to the applied
modulated carrier. This spacing can reduce the damping that
might be caused by more continuous contact of sheet 45 with
sheet 46. Also, as noted above, in some embodiments, spacers
49 (FIG. 4) can be provided to maintain a desired spacing
between sheets 45 and 46. Small spacers 49 can be deposited
or formed in the surface of sheet 45 that is adjacent to sheet 46
(or vice versa) to allow a gap to be maintained. Again, this
spacing can allow sheet 45 to oscillate in response to the
applied modulated carrier signal.

[0075] In various embodiments, a non-conductive backing
plate (not illustrated) can also be provided. Non-conductive
backing plate can also be transparent and can serve to insulate
conductive sheet 45 on the back side of the emitter and pro-
vide a foundation by which the emitter can be positioned or
mounted. For example, conductive sheet 45 can be deposited
on a non-conductive, or relatively low conductivity, glass
substrate. In another embodiment, conductive sheet 45 can be
positioned on the screen of a content device.

[0076] In operation, sheets 45 and 46 provide opposite
poles of the parametric emitter. In one embodiment (and in
examples described above) sheet 46 is the active pole that
oscillates in response to the application of the modulated
carrier signal via contact 52a. To drive the emitter with
enough power to get sufficient ultrasonic pressure level, arc-
ing can occur where the spacing between conductive sheet 46
and conductive sheet 45 is too small. However, where the
spacing is too large, the emitter won’t achieve resonance. In
some embodiments, the spacing is made as small as possible
(e.g., the layers are placed as close as possible while avoiding
arcing) and the thickness of the vibrating layer (e.g., layer 46)
is adjusted to tune the resonant frequency of the emitter.
Arranging layers 45 and 46 close to one another provides for
a more efficient operation because, generally speaking, as the
layers are placed closer together, less voltage is needed to
drive the emitter.

[0077] If an insulating layer 47 is used, in some embodi-
ments it is a layer of about 0.92 mil in thickness. In some
embodiments, insulating layer 47 is a layer from about 0.90 to
about 1 mil in thickness. In further embodiments, insulating
layer 47 is a layer from about 0.75 to about 1.2 mil in thick-
ness. In still further embodiments, insulating layer 47 is as
thin as about 0.33 or 0.25 mil in thickness. Other thicknesses
can be used, and in some embodiments, a separate insulating
layer 47 is not provided. In some embodiments, insulating
layer 47 can be provided with cutouts, holes or other apertures
to provide the function of spacers 49. For instance, insulating
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layer 47 can comprise a sheet with a pattern of holes through
the material. The remaining material between the holes can
function as the spacers 49. The cutouts can be any shape and
size, including circular, square, polygonal, and so on.
[0078] One benefit of including an insulating layer 47 is
that it can allow a greater level of bias voltage to be applied
across the first and second conductive surfaces of sheets 45,
46 without arcing. When considering the insulative properties
ofthe materials between the two conductive surfaces of sheets
45, 46, one should consider the insulative value of insulating
layer 47, if included as well as that of the air gap and of base
layer 465, if included.

[0079] Where an insulating layer 47 is included, or where
the air gap is sufficiently large to prevent arcing, the conduc-
tive layers 45a, 46a of sheets 45, 46 can in various embodi-
ments be positioned facing one another as illustrated in FIG.
3C. Also, in other embodiments, the insulating layer 47 can
allow avoidance of nonconductive region, or base layer, 465.
[0080] Electrical contacts 52a, 525 are used to couple the
modulated carrier signal into the emitter. An example of a
driver circuit for the emitter is described below.

[0081] FIG. 4 is a diagram illustrating a cross sectional
view of an assembled emitter in accordance with the example
illustrated in FIG. 3A. As illustrated, this embodiment
includes conductive sheet 45, conductive sheet 46 and spacers
49 disposed between conductive sheets 45, 46.

[0082] Infurther embodiments of the disclosed technology,
the various layers of sheet 45 and sheet 46 can be arranged in
alternative configurations from those shown above. FIGS. 5-7
illustrate various further embodiments of a transparent para-
metric emitter. Referring first to FIG. 5, the example emitter
includes four layers: a transparent conductive layer 46a, a
transparent nonconductive layer 465, a transparent conduc-
tive layer 45a, and a transparent nonconductive layer 45b.
The example emitter also includes a plurality of spacers 49,
preferably implemented as transparent beads or dots, which
provide spacing between conductive layer 46 and conductive
layer 45.

[0083] In various embodiments, the spacing and spatial
volume between the layers can be chosen to tune or adjust the
resonant frequency of the emitter and to allow conductive
layer 46 to vibrate to generate and launch the modulated
ultrasonic signal into the transmission medium (e.g., into the
air). In some embodiments, conductive layer 46 (e.g., a con-
ductive film) is positioned as close to conductive layer 45 as
possible (for example, as close as can be obtained without
arcing between the layers) and the resonant frequency of the
emitter is tuned by adjusting the thickness of conductive layer
46.

[0084] As with the embodiments described above, trans-
parent base layers 455, 465 can comprise any of a number of
different transparent materials including, for example,
glasses, Plexiglas, plastics, PETs, Mylar, Kapton and other
like materials. Transparent layer 455 could also comprise the
outermost layer of an LCD (or other display), such as, for
example, a polarizer, outer glass, or other outer layer, or it can
be mounted to the outermost layer of a display. In the diagram
illustrated in FIG. 5, the example emitter is illustrated as
being mounted to a display screen 60 of a content display
device.

[0085] Transparent layer 465 can be any thickness as may
be appropriate for the given application. For example, in some
embodiments, transparent layer 465 can have a thickness in
the range of 25 to 50 microns. In other embodiments, trans-
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parent layer 465 may be as thin as 10 to 12 microns, for
example, while in other embodiments it can be as thick as 350
microns, for example. Because layer 46 is intended to vibrate
to generate the ultrasonic wave launched into the air, it is
preferable that layer 46, and therefore transparent layer 465,
be thin enough to allow such vibration. Because the transpar-
ent conductive layer 46a may be relatively thin, transparent
layer 464 can, in various embodiments, provide support to
conductive layer 464, and its thickness adjusted accordingly.
In some applications, thicknesses significantly greater than
50 microns overall may lead to an undesirably low operating
efficiency, which one of ordinary skill in the art will under-
stand can be overcome with the addition of more power.
[0086] In various embodiments as described above, con-
ductive layers 45a, 46a comprise a thin layer of conductive
material deposited, laminated or otherwise disposed on their
transparent base layers 455, 465.

[0087] Invarious embodiments, layers 455 and 49 are con-
figured to have a certain resistivity and breakdown voltage, to
provide sufficient insulation between conductive layers 46a
and 45a. The resistivity of the materials in layers 4556 and 49
is preferably =1000 ohm*cm, and they preferably have a
breakdown voltage =100 V/mil, although other values can be
used. As noted above, it is desired to prevent shorting between
conductive layers 46a and 45a. Therefore, the layer resistivity
and breakdown voltage parameters may be chosen with this
goal in mind. Higher resistivity may be desirable, for
example, as this allows closer placement of conductive layers
464 and 454, which provides operation that is more efficient.
In addition to providing electrical insulation, layer 454 can be
of a suitable thickness and index of refraction so as to provide
index matching and/or anti-reflective properties, which may
increase the light transmission through the emitter.

[0088] The example of FIG. 5 also includes a plurality of
dots or spacers 49 disposed between layers 45 and 46. As
noted above with reference to FIG. 4, the spacers 49 can be
implemented as beads of glass, plastic, polymer, or other
transparent material. Spacers 49 are preferably less than 50
microns in diameter and in some embodiments can be as
small as 8 to 12p. Indeed, in further embodiments, spacers 49
can be smaller. Preferably, spacers are large enough to pro-
vide an adequate spacing between layers 45 and 46, yet small
enough to minimize or reduce interference with the transpar-
ency of the device. With a closer spacing between layers 45
and 46, generally less voltage is needed to drive the emitter for
a given output, and the resonant frequency of the system
increases with all other variables remaining the same. It is
further noted that smaller spacers may be preferable because
a smaller footprint of spacers 49 in contact with layer 46 will
typically reduce the damping effect that spacers 49 may have
on the output of the emitter.

[0089] Spacers 49 can be patterned onto layer 45 or 46 in
any of a number of patterns or shapes. For example, spacers
49 can be patterned as bumps, dots, or other like discrete
structures arranged in a pattern such as in a square lattice or
other pattern. Spacing between the spacers 49 can be deter-
mined by balancing the trade-offs between providing suffi-
cient support for layer 46 against the goals of maintaining
transparency of the emitter and providing a sufficient air gap
to enable tuning the resonance of the emitter.

[0090] Insome embodiments, spacers 49 are arranged in a
square lattice pattern with a 1 mm pitch. Although spacers 49
areillustrated as spherical, they can take on any shape suitable
for the application. Spacers 49 need not be configured as dots
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or beads, but can also be patterned as elongated spots, ridges,
or other shapes and patterns that can be used to provide
spacing between the layers 45, 46. FIG. 8 is a diagram illus-
trating an example of spacer patterns that can be used. As
seen, in other embodiments, the spacers 49 can be patterned
as dots arranged in a square lattice as shown at example 64.
Spacers 49 can also be configured as a plurality of parallel
ridges as shown at example 65, a plurality of ridges running
cross-wise to one another as shown at example 66, and a
plurality of ridges forming concentric rings as shown at
example 68. As will be appreciated by one of ordinary skill in
the art after reading this description spacers can be provided
in any of a number of patterns and shapes to perform the
desired function which can include, for example, maintaining
an open volume between layers 45 and 46, adjusting a reso-
nant frequency of the emitter, and allowing the vibrating
surface of the emitter to vibrate.

[0091] Spacers 49 can be applied to either or both surfaces
45, 46 using any of a number of techniques. For example,
spacers 49 can be printed (e.g., screen printed) onto a layer
and hardened. The spacers can be hardened, for example, by
freezing, curing, drying or other hardening techniques. In
other embodiments, the spacers can be made by a sol-gel
process, such as, for example, a process by which a solution
such as SiO, is disposed on the desired surface in dots (or
other shapes) and allowed to harden such as by drying, curing
or firing. The sol-gel may be spin coated, patterned and cured
into an appropriate dielectric. In still other embodiments, the
spacers can be made by vacuum sputtering of an appropriate
dielectric through a suitable mask. As a further example, UV
curable or other curable inks can be used to form the spacers
49 via printing, and the printed pattern hardened through
curing (e.g., by exposure to UV radiation). Likewise, heat-
curable inks can be used as well. In yet another embodiment,
glass beads can be used as spacers 49. For example, a pattern
of electrostatic charges can be created on the layer to position
the beads in place. Once in place, the beads can be affixed to
the desired positions (e.g., by flash freezing or other tech-
niques).

[0092] In some embodiments, a hard coat surface coating
can be provided to protect the emitter from damage due to
handling or other physical contact or from degradation or
wear due to exposure to the environment. FIG. 6 is a diagram
illustrating an example of the emitter shown in FIG. 5A, but
with the addition of a hard coat coating. In the example
illustrated in FIG. 6, the outer surface of the emitter (i.e., the
surface facing the user, which may be referred to at times as a
front surface) is coated with the hard coat 67. Preferably, the
hard coat 67 is placed on the outer surface of the emitter to
improve its durability and improve its resistance to scratches
that could otherwise damage the conductive layer 46a or
impair the transparency or appearance of the emitter. In some
embodiments, the hard coat 67 can be a coating that is 3H or
harder. In other embodiments, coatings of 1H or harder can be
applied.

[0093] In various embodiments, the hardcoat is applied
thick enough to impart additional hardness or durability to the
layer, but not so thick that it adversely affects the resonant
frequency of the device or the ability of'the device to produce
a signal at acceptable power levels. Such thicknesses may be,
for example, from 10 to 20u, however other thicknesses can
be used. In some embodiments, such as where the layer is a
film (for example, Mylar), it may be desirable to coat both
sides of the film with hardcoat to avoid curling of the film.
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[0094] Insome embodiments, layer 46 is configured as the
ground layer, and layer 45 as the high voltage layer. Such
embodiments can be configured to be relatively user-safe if
properly packaged given that the front face of the emitter is
the face exposed to the user. In various embodiments, how-
ever, the hard coating is preferably capable of withstanding
large electric fields to further insulate the system. Addition-
ally, layer 456 may comprise a very hard material such as
silicon dioxide or silicon nitride. In addition to being good
insulators, these materials are also very hard. Therefore, the
hardness of this material will reduce physical accessibility to
the high voltage on layer 45.

[0095] FIG. 7 is a diagram illustrating yet another embodi-
ment of a transparent emitter. In the example illustrated in
FIG. 7, as compared to the embodiments in FIGS. 5A and 5B,
there is no transparent layer 455, and a transparent layer 46¢
is disposed adjacent transparent conductive layer 46a.
Although not illustrated, in yet further embodiments, trans-
parent layer 46¢ can be eliminated. However, there must be
sufficient spacing between transparent conductive layer 46a
and transparent conductive layer 45a to avoid shorting or
arcing between the layers during operation.

[0096] The dimensions in these and other figures, and par-
ticularly the thicknesses of the layers and the spacing, are not
drawn to scale. Conductive layers 45a, 46a are shown in
FIGS. 3 & 4 as shaded. This is done solely to enhance vis-
ibility in the drawing. All of the layers can be transparent, or
some of the layers can be shaded or tinted as desired. A layer
of anti-reflective, anti-scratch (or both) coating (not shown)
can be provided on the outer surface of the emitter to enhance
visibility and durability of the emitter.

[0097] The emitter can be made to just about any dimen-
sion. In one application the emitter is of length, 1, 3 inches and
its width, m, is 2 inches although other dimensions, both
larger and smaller are possible. As another example, an emit-
ter was created as a 6"x12" emitter and has an output of 81 dB
at 1 kHz when being driven with 96 kHz carrier. An example
emitter with a dot size of 9 micron and a 1 mm pitch with 30
micron film (layer 46) has resonance at approximately 100
kHz.

[0098] Greater emitter area can lead to a greater sound
output, but will typically also require more power. In some
embodiments, practical ranges of length and width can be
similar lengths and widths of conventional bookshelf speak-
ers. In embodiments where the emitter is used on or as the
screen of a content device, the emitter can be sized to be
accommodated on or by the casing of the content device or to
be commensurate with the device display dimensions.
[0099] Sheets 45 and 46 (and insulating layer 47 when
included) can be dimensioned to have a length and width
desirable for a particular application. For example, where the
emitter is used as a facing for a picture frame (e.g., in place of
or on top of the picture frame glass), the dimensions of the
emitter can be selected to conform to the dimensions of the
picture frame. As another example, where a transparent emit-
ter is configured for use as a screen or screen cover on a
content device, sheets 45 and 46 (and insulating layer 47
when included) can be dimensioned to conform to the form
factor of the content device with which it is used. Large
emitters can be made for applications in the television or
home theater segment, having a diagonal measurement such
as, for example, 36", 50", 55", 60", 65", 70", 80", or 90 inches
(or greater), to name a few, with an aspect ratio to match that
of the device. For smaller devices such as smart phones, for
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example, sizes or the order of 3"x2" can be used. In some
embodiments, insulating layer 47 can have a larger length and
width as compared to sheets 45 and 46 to provide insulation at
the edges of the emitter and prevent edge arcing between
sheets 45 and 46.

[0100] Parametric emitters typically have a natural reso-
nant frequency at which they will resonate. For transparent
emitters such as those described herein, their natural resonant
frequency can be in the range of approximately 30-100 kHz.
For example, 80 kHz. Accordingly, the emitter materials and
the carrier frequency of the ultrasonic carrier can be chosen
such that the carrier frequency matches the resonant fre-
quency of the emitter. The carrier frequency can be the same
as or substantially the same as the resonant frequency of the
emitter. In some embodiments, the carrier frequency can be
within, for example +/-5%, 10% or 15% of the resonant
frequency of the emitter. Selecting a carrier frequency at or
near the resonant frequency of the emitter can increase the
output of the emitter.

[0101] The embodiments disclosed above described con-
tacts on conductive layers 45, 46. In some embodiments, a
long, thin contact along one or more edges of the conductive
layers 45a, 46a of conductive layers 45, 46 can be used to
couple the signals on to the emitter. The use of a highly
conductive (e.g., silver, copper, gold, etc.) bus bar across one
or more than one side of the emitter would improve the
emitter from an RC time constant perspective, as that would
allow the applied voltage to be essentially applied uniformly
or substantially uniformly from all sides of the emitter, reduc-
ing the longest path that current must travel within the trans-
parent conductive layer. The use of highly conductive silver
bus bars is not uncommon in applications for touchscreen
displays, and these bus bars may be hidden from the user by
the display bezel, which can be an opaque plastic, or an
opaque paint. Bus bars can be applied by several different
methods including printing (e.g., screen printing or stencil
printing) and photolithography. It should be noted that, as the
emitters get larger, the capacitance of the emitter will
increase, thus requiring a lower resistance.

[0102] Although not illustrated, the emitter can also
include a mounting assembly such as, for example, ultrahigh
bond (UHB) or very high bond (VHB) tape or glue, although
other adhesives or mounting mechanisms can be provided.
Preferably, the mounting assembly is disposed about the
periphery of display screen 60 such that it does not interfere
with the transparency of the emitter. In some embodiments,
transparent adhesives can be used and can be applied to bond
the transparent base layer 455 to display screen 60 about the
periphery and in other areas as well.

[0103] In further embodiments, the transparent emitter can
be adhered to the display screen 60 of the content device using
for example, optically transparent adhesive. Ideally, optically
transparent adhesive has a high degree of transparency such
as, for example, greater than 70%. Optically clear or trans-
parent adhesive can be applied in a thin film across the entire
area of the joined surfaces, or it can be laid down in a pattern
on either or both surfaces before they are joined.

[0104] In still further embodiments, layer 60 could be a
backing plate, and the emitter installed on or close to (but not
touching) the display. Backing plate 60 could be bonded or
attached to the display screen using, for example, tape or glue
along its edges, mechanical fasteners, or optically transparent
adhesives.
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[0105] In various embodiments, the front film can itself
comprise a thin layer of transparent conductive material such
as graphene, without requiring support from a base layer. In
other words, in some embodiments, conductive layer 46a can
be implemented without base layer 465. Therefore, in some
embodiments, conductive layer 46 may be implemented as a
thin layer of graphene, or a thin composite of plastic and
graphene.

[0106] FIG. 9 is a diagram illustrating an example of a
simple driver circuit that can be used to drive the emitters
disclosed herein. As would be appreciated by one of ordinary
skill in the art, where multiple emitters are used (e.g., for
stereo applications), a driver circuit 51 can be provided for
each emitter. In some embodiments, the driver circuit 51 is
provided in the same housing or assembly as the emitter. In
other embodiments, the driver circuit 51 is provided in a
separate housing. This driver circuit is only an example, and
one of ordinary skill in the art will appreciate that other driver
circuits can be used with the emitter technology described
herein.

[0107] Typically, the modulated signal from the signal pro-
cessing system 10 is electronically coupled to an amplifier
(not shown). The amplifier can be part of, and in the same
housing or enclosure as driver circuit 51. Alternatively, the
amplifier can be separately housed. After amplification, the
signal is delivered to inputs A1, A2 of driver circuit 51. In the
embodiments described herein, the emitter assembly includes
an emitter that can be operable at ultrasonic frequencies. The
emitteris connected to driver circuit 50 at contacts E1, E2. An
advantage of the circuit shown in FIG. 9B is that the bias can
be generated from the ultrasonic carrier signal, and a separate
bias supply is not required. In operation, diodes DI1-D4 in
combination with capacitors C1-C4 are are configured to
operate as rectifier and voltage multiplier. Particularly, diodes
DI1-D4 and capacitors C1-C4 are configured as a rectifier and
voltage quadrupler resulting in a DC bias voltage of up to
approximately four times the carrier voltage amplitude across
nodes E1, E2. Other levels of voltage multiplication can be
provided using similar, known voltage multiplication tech-
niques.

[0108] Capacitor C5 is chosen large enough to hold the bias
and present an open circuit to the DC voltage at E1 (i.e., to
prevent the DC from shorting to ground), but small enough to
allow the modulated ultrasonic carrier pass to the emitter.
Resistors R1, R2 form a voltage divider, and in combination
with Zener diode ZD1, limit the bias voltage to the desired
level, which in the illustrated example is 300 Volts.

[0109] Inductor 54 can be of a variety of types known to
those of ordinary skill in the art. However, inductors generate
a magnetic field that can “leak” beyond the confines of the
inductor. This field can interfere with the operation and/or
response of the emitter. Also, many inductor/emitter pairs
used in ultrasonic sound applications operate at voltages that
generate large amounts of thermal energy. Heat can also
negatively affect the performance of a parametric emitter.
[0110] Foratleast these reasons, in most conventional para-
metric sound systems the inductor is physically located a
considerable distance from the emitter. While this solution
addresses the issues outlined above, it adds another compli-
cation. The signal carried from the inductor to the emitter is
can be a relatively high voltage (on the order of 160 V peak-
to-peak or higher). As such, the wiring connecting the induc-
tor to the emitter must be rated for high voltage applications.
Also, long runs of the wiring may be necessary in certain
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installations, which can be both expensive and dangerous,
and can also interfere with communication systems not
related to the parametric emitter system.

[0111] Theinductor 54 (including as a component as shown
in the configuration of FIGS. 9A and 5B) can be implemented
using a pot core inductor. A pot core inductor is housed within
a pot core that is typically formed of a ferrite material. This
confines the inductor windings and the magnetic field gener-
ated by the inductor. Typically, the pot core includes two
ferrite halves 59q, 594 that define a cavity 61 within which the
windings of the inductor can be disposed. See FIG. 10. An air
gap G can be included to increase the permeability of the pot
core without affecting the shielding capability of the core.
Thus, by increasing the size of the air gap G, the permeability
of'the pot core is increased. However, increasing the air gap G
also requires an increase in the number of turns in the inductor
(s) held within the pot core in order to achieve a desired
amount of inductance. Thus, an air gap can increase perme-
ability and at the same time reduce heat generated by the pot
core inductor, without compromising the shielding properties
of the core.

[0112] In the example illustrated in FIGS. 9A and 9B, a
dual-winding step-up transformer is used. However, the pri-
mary 55 and secondary 56 windings can be combined in what
is commonly referred to as an autotransformer configuration.
Either or both the primary and secondary windings can be
contained within the pot core.

[0113] As discussed above, it is desirable to achieve a par-
allel resonant circuit with inductor 54 and the emitter. Itis also
desirable to match the impedance of the inductor/emitter pair
with the impedance expected by the amplifier. This generally
requires increasing the impedance of the inductor emitter
pair. It may also be desirable to achieve these objectives while
locating the inductor physically near the emitter. Therefore, in
some embodiments, the air gap ofthe pot core is selected such
that the number of turns in the primary winding 55 present the
impedance load expected by the amplifier. In this way, each
loop of the circuit can be tuned to operate at an increased
efficiency level. Increasing the air gap in the pot core provides
the ability to increase the number of turns in primary winding
55 without changing the desired inductance of inductor ele-
ment 56 (which would otherwise affect the resonance in the
emitter loop). This, in turn, provides the ability to adjust the
number of turns in primary winding 55 to match the imped-
ance load expected by the amplifier.

[0114] An additional benefit of increasing the size of the air
gap is that the physical size of the pot core can be reduced.
Accordingly, a smaller pot core transformer can be used while
still providing the same inductance to create resonance with
the emitter.

[0115] Theuseofastep-up transformer provides additional
advantages to the present system. Because the transformer
“steps-up” from the direction of the amplifier to the emitter, it
necessarily “steps-down” from the direction of the emitter to
the amplifier. Thus, any negative feedback that might other-
wise travel from the inductor/emitter pair to the amplifier is
reduced by the step-down process, thus minimizing the effect
of any such event on the amplifier and the system in general
(in particular, changes in the inductor/emitter pair that might
affect the impedance load experienced by the amplifier are
reduced).

[0116] In one embodiment, 30/46 enameled Litz wire is
used for the primary and secondary windings. Litz wire com-
prises many thin wire strands, individually insulated and
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twisted or woven together. Litz wire uses a plurality of thin,
individually insulated conductors in parallel. The diameter of
the individual conductors is chosen to be less than a skin-
depth at the operating frequency, so that the strands do not
suffer an appreciable skin effect loss. Accordingly, Litz wire
can allow better performance at higher frequencies.

[0117] Although not shown in the figures, where the bias
voltage is high enough, arcing can occur between conductive
layers 45, 46. This arcing can occur through the intermediate
insulating layers as well as at the edges of the emitter (around
the outer edges of the insulating layers. Accordingly, the
insulating layer 47 can be made larger in length and width
than conductive layers 45a, 464, to prevent edge arcing. Like-
wise, where conductive layer 46 is a metalized film on an
insulating substrate, conductive layer 46 can be made larger
in length and width than conductive layer 45, to increase the
distance from the edges of conductive layer 46 to the edges of
conductive layer 45.

[0118] Resistor R1 can be included to lower or flatten the Q
factor of the resonant circuit. Resistor R1 is not needed in all
cases and air as a load will naturally lower the Q. Likewise,
thinner Litz wire in inductor 54 can also lower the Q so the
peak is not overly sharp.

[0119] FIG. 11 is an exploded view diagram of an emitter
and a screen of an accompanying content device with which
it is incorporated in accordance with one embodiment of the
technology described herein. Referring now to FIG. 11, the
emitter 6 in this example includes conductive sheets 45, 46
and an insulating layer 47 therebetween. This emitter can be
configured in accordance with the various embodiments as
described in this document, including embodiments that do
not include insulating layer 47, and including embodiments
that use spacers 49. For example, conductive sheets 45, 46 can
be transparent sheets and can each include two layers, a
conductive layer 45a, 46a and a base layer 455, 465. These
separate layers are not shown in FIG. 11 for ease of illustra-
tion.

[0120] Also shown in FIG. 11, is a display screen 60 to
which the emitter is applied. Display screen 60 can be, for
example, the display screen of a content device such as, for
example, laptops, tablet computers, computers and other
computing devices, smartphones, televisions, PDAs, mobile
devices, mp3 and video players, digital cameras, navigation
systems, kiosks, slot machines, point-of-sale terminals, or
other content display devices. In various embodiments, the
emitter 6 can be assembled with display screen 60 during
device manufacture. In other embodiments, emitter 6 can be
affixed to or joined with display screen 60 after the content
device has been manufactured. For example, emitter 6 can be
provided as an aftermarket product to be added to the content
device by the user or retailer. It yet further embodiments,
display screen 60 can be provided with a conductive region
(e.g., coating) and be used as the base layer of the emitter,
eliminating the need for layer 45.

[0121] The emitter can be larger or smaller than the actual
display area, depending on the content device and applica-
tion. For example, in some content devices, a transparent
screen is provided to form a cover plate over both the display
area and the border surrounding the display area. Accord-
ingly, with such applications, the emitter can be sized to
conform to the dimensions of the cover plate, thus providing
a larger emitter area.

[0122] In yet further embodiments, content device display
screen 60 can be made using a conductive glass (or other
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transparent material) and display screen 60 can be used as the
conductive sheet 45. More particularly, in some embodi-
ments, display screen 60 is used as base layer 455 to which a
conductive layer 454 is applied. In such embodiments, dis-
play screen 60 can be manufactured to include an appropriate
terminal or contact point by which a signal lead can be
attached to display screen 60. In still further embodiments,
the emitter can be configured to be flexible enough to be
implemented with a touch-screen content device. For
example, where display screen 60 is a touchscreen, emitter 6
can be made using sufficiently flexible materials to allow a
user to operate the touchscreen display underlying the emit-
ter.

[0123] In further embodiments, the transparent emitter can
be implemented as a touch screen display. For example, in
embodiments in which acoustic pulse recognition technology
is used to implement the emitter/display, a touch sensor mod-
ule can be included to sense wave patterns in the display based
on the position at which a user touches the display. The touch
sensor module can include appropriate signal processing cir-
cuitry/algorithms to subtract vibrations due to the known
modulated ultrasonic carrier from the sensed vibrations to
determine a position on the display touched by the user.
Similarly, for surface acoustic wave technology, the touch
sensor module can include appropriate signal processing cir-
cuitry/algorithms to subtract effects of audio modulation on
the ultrasonic carrier from the received signal to determine a
position on the display touched by the user. As a final
example, with capacitive touchscreen displays, a touch sensor
module can be included and configured to subtract any effect
on the capacitance of the emitter/display caused by the modu-
lated ultrasonic signal from received signals to arrive at the
capacitance changes caused by an operator touching the dis-
play.

[0124] As described above, the emitters disclosed herein
can be configured to be implemented with any of a number of
different content devices. FIG. 12A is a diagram illustrating
an example of an emitter (e.g., emitter 6) applied to the screen
of'a smart phone. In such an embodiment, the emitter can be
used to play music and other media audio as well as to play
ring tones, alarms, and other alerts generated by the smart
phone and its associated applications. As with other devices,
the emitter 6 can be used in addition to, or in place of,
conventional audio speakers.

[0125] FIG. 12B is a diagram illustrating an example of an
emitter (e.g., emitter 6) applied to the screen of a flat screen
television. In such embodiments, the emitter can be config-
ured to play content audio (e.g. television audio) to the tele-
vision viewers. FIG. 12C is a diagram illustrating an example
of an emitter (e.g., emitter 6) applied to the screen of a
portable GPS device. In such applications, the emitter can be
configured to play alerts and alarms the user as well as to
provide audible turn-by-turn or other like instructions. Of
course, where music or other content is available on the
portable GPS device, emitter can be configured to play that
information to the user as well.

[0126] FIG. 12C is a diagram illustrating an example of an
emitter (e.g., emitter 6) applied to the screen of a portable
navigation device. In such embodiments, the emitter can be
configured to play back navigational directions and other
sounds (e.g., turn by turn directions, chimes, alerts, low bat-
tery messages, and so on). FIG. 12D is a diagram illustrating
an example of an emitter (e.g., emitter 6) applied to the screen
of a digital camera. In such embodiments, the emitter can be



US 2016/0255441 Al

configured to play back camera alerts and sounds (e.g., menu
confirmations, simulated shutter sound effects, low battery
messages, and so on). FIG. 12E is a diagram illustrating an
example of an emitter (e.g., emitter 6) applied to the screen of
a handheld gaming device. In such embodiments, the emitter
can be configured to play gaming sounds to the user (e.g.
game audio soundtracks, game sound effects, audible instruc-
tions, and so on) as well as gaming system alerts and mes-
sages.

[0127] Content devices, including those depicted in FIGS.
12A-12E can be configured to include one or more power
supplies to supply power to the device and a content engine
coupled to receive power from the power supply and to gen-
erate electrical signals representing audio content and elec-
trical signals representing display content. For example, in
the case of a smartphone, the power supply is typically in the
form of a rechargeable battery and the content engine com-
prises a processor configured to execute one or more appli-
cations such as, for example, media player applications, gam-
ing applications, telephone and directory applications, and so
on. RAM, ROM and other memory can be included to store
applications, application content (e.g., audio and video files),
program instructions and so on. One such example processor
is the Snapdragon™ family of processors available from
Qualcomm, Inc.

[0128] The content display device typically also includes a
display such as, for example, a plasma, LCD, LED, OLED or
other display. The display can include a conventional screen
or a touch-sensitive screen to accept user input and can pro-
vide color still and motion video content to the user. The
display can be coupled to the content engine and configured to
receive the electrical signals representing display content and
to generate a visual representation of the display content.
Continuing with the example of a smartphone, the display can
display application visual information such as, for example,
entry screens, video content, gaming screens, and so on. A
protective cover can be included on the display and can be
made from glass, acrylic, Plexiglas, Lexan or other transpar-
ent material. The transparent emitter can be disposed on the
protective cover, for example, as an overlay on the protective
cover. Alternatively, the emitter can be provided in place of
the protective cover, or in place of the screen itself.

[0129] In these and other applications, the ultrasonic emit-
ters can be configured to take advantage of the directional
nature of ultrasonic signals, and can be configured to direct
the ultrasonic audio content to an intended listener or user of
the device. Accordingly, the device can be used in crowded or
other public places with discretion. Emitters can also be
shaped or configured to present a broader, less directional,
sound to the listeners. This can be accomplished, for example,
using a convex or multi-angled display.

[0130] In the embodiments described above, the emitter is
depicted and described as providing ultrasonic-carrier audio
signals for a single channel of audio. In other embodiments,
the emitter can be configured to handle multiple audio chan-
nels. For example, in one embodiment, two separate emitters,
each configured to be connected to an audio channel (e.g., a
left and right audio channel) can be provided. FIG. 13 is a
diagram illustrating one example configuration of a dual-
channel emitter configured to provide ultrasonic carrier audio
for two audio channels. In the example shown in FIG. 13, a
left emitter 6 A and a right emitter 6B are provided and sepa-
rated by insulating barrier 62. Insulating barrier 62 provides a
nonconductive region between the left and right emitters,

Sep. 1, 2016

electrically separating the left and right emitters so that the
carriers injected on each emitter do not interfere with one
another. In various embodiments, barrier 62 can be a non-
conductive region of conductive layers 45a, 46a. In other
embodiments, insulating region or barrier 62 can be a glass,
acrylic, or other like insulating material positioned between
the left and right emitters. Although two emitters 61A, 61B
are illustrated in this example, one of ordinary skill in the art
after reading this description will understand how more than
two emitters can be created in a like fashion.

[0131] In other embodiments, rather than adding a physi-
cally separate insulating region between the 2 emitters, con-
ductive sheets 45 and 46 can be manufactured with a noncon-
ductive central region. For example, where doping or other
like processes are used to impart conductivity to the conduc-
tive sheets, such doping or other process can be selectively
applied to the sheets such that 2 or more conductive regions
can be created in each conductive sheet.

[0132] To impart spatial characteristics to the audio signal,
the emitters in such multi-emitter configurations can be posi-
tioned on a content device in such a way that they are oriented
in different angles from one another to direct the audio-
modulated ultrasonic carrier signal in different directions.
Even for handheld content devices, only a small angle difter-
ential between the 2 emitters would be needed to direct one
audio-modulated ultrasonic carrier signal to the listener’s left
ear and the other audio-modulated ultrasonic carrier signal to
the listener’s right ear.

[0133] In further embodiments, multiple non-conductive
regions (e.g., like insulating barrier 62) can be used to divide
the emitter into multiple segments and to configure the emit-
ter as a phased array emitter. Particularly, the emitter can be
configured as a single channel phased array or as a multi-
channel phased array. As a phased array configuration, the
signal used to drive a given channel can be split into multiple
paths and each path delayed in time and coupled to a segment
such that the ultrasonic beam can be steered to an intended
target. For example, the signals may be delayed so as to allow
the emitted beam to be directed at the listener at a given
location, or track the listener as he or she moves about the
listening area. For example, for gaming applications, the
phased array can be configured to track the gamer as he or she
moves about listening area. Likewise, in a television environ-
ment, the phased array configuration can be used to steer the
beam toward the listener as he or she moves about the viewing
area.

[0134] In areas where there are multiple listeners, multiple
phased arrays or phased arrays with time division multiplex to
signals, can be used to direct different audio content to dif-
ferent listeners in the area. For example, the system can be
configured to steer the content in different languages to dif-
ferent portions of the listening environment. As a further
example, in a movie or auditorium seating sections can be
broken up into different sections based on, for example, lan-
guage, rating (e.g. G, PG, R, etc.) or other criteria in the
appropriate content directed to those sections. Accordingly,
people could choose to listen to the content in their own native
language or with the appropriate rating based on where they
sit in the auditorium.

[0135] The conductive and non-conductive layers that
make up the various emitters disclosed herein can be made
using flexible materials. For example, embodiments
described herein use flexible metallized films to form con-
ductive layers, and non-metalized films to form resistive lay-



US 2016/0255441 Al

ers. Because of the flexible nature of these materials, they can
be molded to form desired configurations and shapes.
[0136] For example, as illustrated in FIG. 14A, the layers
can be applied to a substrate 94 in an arcuate configuration.
FIG. 15A provides a perspective view of an emitter formed in
an arcuate configuration. In this example, a backing material
91 is molded or formed into an arcuate shape and the emitter
layers 92 affixed thereto. Although one layer 92 is shown in
FIGS. 15A, and 15B, layer 92 can comprise layers 45 and 46
and any spacers or insulators therebetween. Other examples
include cylindrical (FIGS. 14B and 15B) and spherical, for
example. As would be apparent to one of ordinary skill in the
art after reading this description, other shapes of backing
materials or substrates can be used on which to form ultra-
sonic emitters in accordance with the technology disclosed
herein. Such curved emitters can be used in a number of
applications including, for example, as curved displays on
televisions and smartphones.

[0137] Conductive sheets 45, 46 can also be made using
metalized films. These include, Mylar, Kapton and other like
films. For example, in some embodiments, sheet 45 is made
using a glass material and layer 46 is made using a metalized
film such as mylar. Such metalized films are available in
varying degrees of transparency from substantially fully
transparent to opaque. Where oscillating layer (e.g., layer 46)
is made using mylar or other like flexible film, it is ideally
tensioned in both major dimensions so that it is capable of
vibrating at carrier frequencies. Likewise, insulating layer 47
can be made using a transparent film. Accordingly, emitters
disclosed herein can be made of transparent materials result-
ing in a transparent emitter. Such an emitter can be configured
to be placed on various objects to form an ultrasonic speaker.
For example, one or a pair (or more) of transparent emitters
can be placed as a transparent film over a television screen.
This can be advantageous because as televisions become
thinner and thinner, there is less room available for large
speakers. Layering the emitter(s) onto the television screen or
other content or display device allows placement of speakers
without requiring additional cabinet space. As another
example, an emitter can be placed on a picture frame or
electronic picture frame, converting a picture into an ultra-
sonic emitter. Also, because metalized films can also be
highly reflective, the ultrasonic emitter can be made into a
mirror.

[0138] The transparent emitter is also applicable to numer-
ous other applications such as, for example, automobile mir-
rors or windows, dashboard panels, or other vehicle surfaces;
doors and windows of appliances such as conventional ovens,
microwave ovens, toaster ovens, dishwashers, refrigerators,
etc.; kiosks and booths; desktop telephones; physical fitness
or exercise equipment; display cases such as department
store, supermarket, deli and other retail display cases; equip-
ment screens on equipment such as oscilloscopes and other
diagnostic or test equipment, medical devices, printers and
faxes, and so on.

[0139] Because ofthe directional nature of ultrasonic trans-
missions, numerous devices so equipped may operate in
proximity to one another, with their respective emitters
directed at different listener positions, while not interfering
with one another. Also, in various embodiments ultrasonic
emitters can be used in combination with conventional audio
speakers to allow the device to take advantage of the features
of both ultrasonic audio (e.g., directionality) and conven-
tional speakers (e.g., omnidirectionality). Switching can also
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be provided to allow the user or the system to select either the
ultrasonic audio, the conventional audio or both.

[0140] While various embodiments of the present invention
have been described above, it should be understood that they
have been presented by way of example only, and not of
limitation. Likewise, the various diagrams may depict an
example architectural or other configuration for the invention,
which is done to aid in understanding the features and func-
tionality that can be included in the invention. The invention
is not restricted to the illustrated example architectures or
configurations, but the desired features can be implemented
using a variety of alternative architectures and configurations.
Indeed, it will be apparent to one of skill in the art how
alternative functional, logical or physical partitioning and
configurations can be implemented to implement the desired
features of the present invention. Also, a multitude of difter-
ent constituent module names other than those depicted
herein can be applied to the various partitions. Additionally,
with regard to flow diagrams, operational descriptions and
method claims, the order in which the steps are presented
herein shall not mandate that various embodiments be imple-
mented to perform the recited functionality in the same order
unless the context dictates otherwise.

[0141] Although the invention is described above in terms
of various exemplary embodiments and implementations, it
should be understood that the various features, aspects and
functionality described in one or more of the individual
embodiments are not limited in their applicability to the par-
ticular embodiment with which they are described, but
instead can be applied, alone or in various combinations, to
one or more of the other embodiments of the invention,
whether or not such embodiments are described and whether
or not such features are presented as being a part of a
described embodiment. Thus, the breadth and scope of the
present invention should not be limited by any of the above-
described exemplary embodiments.

[0142] Terms and phrases used in this document, and varia-
tions thereof, unless otherwise expressly stated, should be
construed as open ended as opposed to limiting. As examples
of the foregoing: the term “including” should be read as
meaning “including, without limitation” or the like; the term
“example” is used to provide exemplary instances of the item
in discussion, not an exhaustive or limiting list thereof; the
terms “a” or “an” should be read as meaning “at least one,”
“one or more” or the like; and adjectives such as “conven-
tional,” “traditional,” “normal,” “standard,” “known” and
terms of similar meaning should not be construed as limiting
the item described to a given time period or to an item avail-
able as of a given time, but instead should be read to encom-
pass conventional, traditional, normal, or standard technolo-
gies that may be available or known now or at any time in the
future. Likewise, where this document refers to technologies
that would be apparent or known to one of ordinary skill inthe
art, such technologies encompass those apparent or known to
the skilled artisan now or at any time in the future.

[0143] The presence of broadening words and phrases such
as “one or more,” “at least,” “but not limited to” or other like
phrases in some instances shall not be read to mean that the
narrower case is intended or required in instances where such
broadening phrases may be absent. The use of the term “mod-
ule” does not imply that the components or functionality
described or claimed as part of the module are all configured
in a common package. Indeed, any or all of the various com-
ponents of a module, whether control logic or other compo-
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nents, can be combined in a single package or separately
maintained and can further be distributed in multiple group-
ings or packages or across multiple locations.

[0144] Additionally, the various embodiments set forth
herein are described in terms of exemplary block diagrams,
flow charts and other illustrations. As will become apparent to
one of ordinary skill in the art after reading this document, the
illustrated embodiments and their various alternatives can be
implemented without confinement to the illustrated
examples. For example, block diagrams and their accompa-
nying description should not be construed as mandating a
particular architecture or configuration.

1. An electronic content device, comprising:

a power supply;

a content engine coupled to receive power from the power
supply and to generate electrical signals representing
audio content and electrical signals representing display
content;

a display coupled to the content engine and configured to
receive the electrical signals representing display con-
tent and to generate a visual representation of the display
content; and

a transparent ultrasonic audio emitter disposed on the dis-
play, the emitter comprising:

a first transparent conductive layer;

a second transparent conductive layer; and

a plurality of transparent spacers disposed between the
first and second transparent conductive layers of the
transparent ultrasonic audio emitter, the transparent
spacers having a thickness and being arranged to
define an open area between the first and second trans-
parent conductive layers.
2. The electronic content device according to claim 1,
further comprising:
a modulator coupled to receive the electrical signals rep-
resenting audio content, and to modulate the received
electrical signals onto an ultrasonic carrier; and
a driver circuit, comprising:
two inputs configured to be coupled to receive the elec-
trical signals representing audio content modulated
onto an ultrasonic carrier signal;

a first output coupled to the first transparent conductive
layer; and

a second output coupled to the second transparent con-
ductive layer.

3. The electronic content device according to claim 1,
wherein the transparent ultrasonic audio emitter comprises a
screen of the display.

4. The electronic content device according to claim 1,
wherein the first transparent conductive layer comprises a
first transparent conductive layer adjacent a first transparent
nonconductive layer and the second transparent conductive
layer comprises a second transparent conductive layer adja-
cent a second transparent nonconductive layer.

5. The electronic content device according to claim 4,
further comprising a hard coat layer disposed on the first
transparent conductive layer.

6. (canceled)

7. The electronic content device according to claim 1,
wherein the spacers comprise a pattern of transparent struc-
tures disposed between the first and second transparent con-
ductive layers.

Sep. 1, 2016

8. The electronic content device according to claim 1,
wherein the spacers comprise a plurality of transparent ridges
arranged in a pattern between the first and second transparent
conductive layers.

9. The electronic content device according to claim 8,
wherein the transparent ridges comprise a plurality of parallel
ridges, a plurality of cross-wise ridges or a plurality of ridges
arranged as concentric rings.

10. The electronic content device according to claim 1,
wherein the first and second transparent conductive layers
and the transparent spacers as disposed between the two
layers have a combined transmittance of greater than 75% in
the visible spectrum.

11. The electronic content device according to claim 1,
wherein the transparent ultrasonic audio emitter has a reso-
nant frequency and wherein the resonant frequency is defined
by spacing between the first and second transparent conduc-
tive layers and dimensions of the spacers.

12. The electronic content device according to claim 4,
wherein the transparent ultrasonic audio emitter has a reso-
nant frequency and wherein the resonant frequency is defined
by a spacing between the first and second transparent con-
ductive layers and a thickness of the first non-conductive
layer.

13. The electronic content device according to claim 1,
wherein the spacers are of a dimension chosen to define a
resonant frequency of the ultrasonic audio emitter.

14. The electronic content device according to claim 1,
wherein the spacers are of a dimension chosen to define a
resonant frequency of the transparent ultrasonic audio emit-
ter, and to prevent contact between the first and second trans-
parent conductive layers at a given level of bias.

15. The electronic content device according to claim 1,
wherein at least one of the first transparent conductive layer
and the second transparent conductive layer are divided into
multiple segments by one or more nonconductive regions.

16. The electronic content device according to claim 1,
wherein the transparent ultrasonic audio emitter comprises a
plurality of transparent ultrasonic audio emitters, and
wherein each of the plurality of transparent ultrasonic audio
emitters is connected to a respective audio channel and elec-
trically separated from an adjacent transparent ultrasonic
audio emitter by an insulating barrier.

17. The electronic content device according to claim 16,
wherein the insulating barrier comprises glass or acrylic.

18. The electronic content device according to claim 1,
wherein the transparent ultrasonic audio emitter comprises
first and second transparent ultrasonic audio emitters, and
wherein each of the first and second transparent conductive
layers comprises a nonconductive region electrically separat-
ing the first and second transparent ultrasonic audio emitters.

19. The electronic content device according to claim 18,
wherein the transparent ultrasonic audio emitter is a single
channel phased array emitter or a multi-channel phased array
emitter.

20. The electronic content device according to claim 18,
wherein the first transparent ultrasonic audio emitter is con-
nected to a first audio channel, and wherein the second trans-
parent ultrasonic audio emitter is connected to a second audio
channel.

21. The electronic content device according to claim 20,
wherein the first and second transparent ultrasonic audio
emitters are disposed on the display such that they are ori-
ented in different angles.
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22. The electronic content device according to claim 1,
wherein the electronic content device comprises a laptop, a
tablet, a smartphone, a television, a digital camera, a naviga-
tion device, a gaming device, a point-of-sale terminal, a
kiosk, or a slot machine.

23. The electronic content device according to claim 4,
further comprising a hard coat layer disposed on the first
transparent non-conductive layer.

#* #* #* #* #*
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