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ABSTRACT

A system and method for optical transmission of ultrasound
data signals from a probe to an image processing system is
provided. By using a silicon-based optical modulator to
encode ultrasound data signals onto an optical signal, an
optical transmission link between the ultrasound probe and
the image processing system can achieve a high signal to
noise ratio with a lower power input.
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SYSTEM AND METHOD FOR OPTICAL DATA
TRANSMISSION IN ULTRASOUND IMAGING

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation-in-part of
and claims the benefit of U.S. Ser. No. 10/812,243, filed on
Mar. 29, 2004, the disclosure of which is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] The invention relates generally to ultrasound sys-
tems, and more specifically to a method and system for
design of an ultrasound probe utilizing optical transmission
to communication ultrasound signals to an image processing
station or system.

[0003] Conventional ultrasound scanners comprise an
ultrasound probe for transmitting ultrasound signals to an
area to be examined as well as for receiving scattered waves.
The ultrasound probe usually comprises several transducer
elements that are configured for sensing the backscattered
waves. The transducer elements convert the backscattered
waves to corresponding electrical signals. The electrical
signals are transmitted to a processing unit where the
electrical signals are processed to generate a corresponding
image of the area that was scanned.

[0004] Typically, the electrical signals are transferred to
the processing unit by cables. While designing the ultra-
sound probe, it is desirable to maintain the diameter of the
probe cable at a size that is maneuverable by an operator. In
addition, it is often desirable to obtain a high resolution for
the image generated by the ultrasound system. One way to
increase the resolution is to increase the number of trans-
ducer elements in the ultrasound probe. One problem with
increasing the number of transducer elements is the increase
in the cable diameter. An increase in the cable diameter
results in restrictive maneuverability of the ultrasound
probe. Moreover, in an effort to maintain signal integrity, the
length of the cable is sometimes limited to a short distance.
Thus, the mobility of the ultrasound scanner is restricted to
a large extent.

[0005] In addition, the transducer elements generate sub-
stantial amounts of heat when operating. The heat generated
may cause inconvenience to an operator who is using the
ultrasound probe and can lend to other temperature issues of
the probe hardware.

[0006] Ttis therefore desirable to increase sensitivity of the
ultrasound probe while maintaining the diameter of the
probe and also maintain the probe temperature at a desired
level. It is also desirable to increase the length of the probe
cable to provide better mobility.

BRIEF DESCRIPTION OF THE INVENTION

[0007] The present invention provides a system and
method for ultrasound imaging in which ultrasound scan
data is communicated between a probe head and an image
processing station via optical transmission. Embodiments of
the present invention may utilize an optical modulator which
operates by using silicon-based semiconductors, such as
CMOS optical modulators.

[0008] In accordance with one aspect of the invention, an
ultrasound system is provided, having an ultrasound probe
with a number of transducers and an image processor which
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receives scan signals from the transducers to process an
image therefrom. The ultrasound system also includes an
optical transmission link connected between the probe and
the image processing system. The optical transmission link
is configured to communication the scan signals and has at
least one silicon-based optical modulator.

[0009] According to another aspect of the invention, a
method for ultrasound imaging includes acquiring ultra-
sound data from an object of interest and electrically com-
munication the data to an optical modulator. The method
also includes forward biasing the optical modulator and
modulating an optical signal in accordance with the ultra-
sound data. The modulated optical signal is then transmitted
to an imaging subsystem for image reconstruction.

[0010] In accordance with a further aspect of the inven-
tion, an ultrasound probe having an array of transducers and
a receiver to acquire ultrasound scan data from the trans-
ducers is provided. The probe further includes a light source
input connected to receive a light signal and an optical
modulator connected to the receiver and configured to
modulate the light signal to encode the ultrasound scan data
thereon. The optical modulator includes a number of semi-
conductors.

[0011] Various other features and advantages of the
present invention will be made apparent from the following
detailed description and the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The drawings illustrate one embodiment presently
contemplated for carrying out the invention.

[0013]

[0014] FIG. 1 is a block diagram illustrating an exemplary
ultrasound system implemented according to one aspect of
the invention.

[0015] FIG. 2 is a block diagram of one embodiment of an
acquisition subsystem implemented according to one aspect
of the invention.

[0016] FIG. 3 is a block diagram of one embodiment of a
modulator implemented according to one aspect of the
invention.

[0017] FIG. 4 is a block diagram of an embodiment of a
receiver implemented according to one aspect of the inven-
tion.

[0018] FIG. 5 is a block diagram of an ultrasound probe
implemented according to one aspect of the invention.

[0019] FIG. 6 is a flow chart illustrating one method by
which the invention is implemented.

[0020] FIG. 7 is a block diagram of an exemplary ultra-
sound system implemented according to a further aspect of
the invention.

[0021] FIG. 8 is a graph of gain versus bandwidth for an
optical modulator operating in accordance with an embodi-
ment of the invention.

In the drawings:

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0022] A system is shown to provide for optical transmis-
sion of ultrasound signals between an ultrasound probe and
an image processing unit or system.
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[0023] In one embodiment of the present invention, an
ultrasound system 10 for generating an image is provided as
shown in FIG. 1. The ultrasound system generally comprises
an ultrasound probe 18 configured for sensing ultrasound
signals and transmitting electrical signals representative of
the sensed ultrasound signals. The ultrasound probe com-
prises transducer array 12, transmitter 22, and receiver 24.
The electrical signals are transmitted to optical detector 30
via optical conduit 54. The optical conduit 54, as shown in
FIG. 2, is configured for coupling a light source 56 and an
optical detector 30 in an optical path. The optical conduit 54
comprises electro-optic modulators configured for modulat-
ing optical signals on the optical conduit with at least one of
the ultrasound signals to generate corresponding optically
modulated analog signals on the optical conduit. The optical
conduit will be further described in detail with reference to
FIG. 2. The ultrasound probe will be further described in
detail with reference to FIG. 4.

[0024] 1In one more specific aspect of the present inven-
tion, the ultrasound signals transmitted by the ultrasound
probe comprise analog electrical signals. In another more
specific aspect of the present invention, which may be used
in combination or separately from the analog electrical
signal aspect, the electro-optic modulators comprise electro-
optic polymer modulators. This aspect is advantageous
because electro-optic polymer devices are compact and
flexible, and can be densely packed to fit a head of a probe.
In addition, electro-optic polymer devices consume lower
powet.

[0025] Referring now to FIG. 1, a block diagram of an
illustrative, more specific embodiment of an ultrasound
system 10 implemented in accordance with one aspect of the
invention is shown. The ultrasound system comprises an
ultrasound probe 12 a transmitter 22 and a receiver 24. The
ultrasound system further comprises a processing subsystem
14 comprising a control processor 28, an optical detector 30,
an imaging mode processor 32, a scan converter 34 and a
display processor 36. The display processor is further
coupled to a monitor 38 for displaying images. User inter-
face 40 interacts with the control processor 28 and the
display monitor 38. The control processor 28 may also be
coupled to a remote connectivity subsystem 42 comprising
a web server 44 and a remote connectivity interface 46.
Processing sub-system 14 may be further coupled to data
repository 48 to receive ultrasound image data. The data
repository 48 interacts with an imaging workstation 50.

[0026] The aforementioned architectures and modules
may be dedicated hardware elements, such as circuit boards
with digital signal processors, or may be software running
on a general purpose computer or processor, such as a
commercial, off-the-shelf PC. The various architectures and
modules may be combined or separated according to various
embodiments of the invention.

[0027] As illustrated in FIG. 1, the ultrasound probe 12 is
in contact with subject 16. The ultrasound probe 12 is
coupled to the output of transmitter 22 and the input of
receiver 24. In processing subsystem 14, the output of
optical detector 30 is coupled to an input of imaging mode
processor 32. Control processor interfaces to imaging mode
processor 32, scan converter 34 and to display processor 36.
An output of imaging mode processor 32 is coupled to an
input of scan converter 34. An output of scan converter 34
is coupled to an input of display processor 36. The output of
display processor 36 is coupled to monitor 38.

[0028] Ultrasound system 10 transmits ultrasound energy
into subject 16 and receives and processes backscattered
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ultrasound signals from the subject to create and display an
image. To generate a transmitted beam of ultrasound energy,
the control processor 28 sends command data to the trans-
mitter 22 to generate transmit parameters to create a beam of
a desired shape originating from a certain point at the surface
of the ultrasound probe 12 at a desired steering angle.

[0029] The transmitter 22 uses the transmit parameters to
properly encode transmit signals to be sent to the ultrasound
probe 12. The transmit signals are set at certain levels and
phases with respect to each other and are provided to
individual transducer elements of the ultrasound probe 12.
The transmit signals excite the transducer elements to emit
ultrasound waves with the same phase and level relation-
ships. As a result, a transmitted beam of ultrasound energy
is formed in a subject within a scan plane along a scan line
when the ultrasound probe 12 is acoustically coupled to the
subject by using, for example, ultrasound gel. The process is
known as electronic scanning.

[0030] The ultrasound probe 12 is a two-way transducer.
When ultrasound waves are transmitted into a subject, the
ultrasound waves are backscattered off the tissue and blood
samples within the structure. The ultrasound probe 12
receives the backscattered waves at different times, depend-
ing on the distance into the tissue they return from and the
angle with respect to the surface of the ultrasound probe 12
at which they return. In one embodiment, the transducer
elements are configured for sensing the backscattered waves
and converting the ultrasound signals to corresponding
analog electrical signals.

[0031] The received electrical signals are routed through
receiver 24 to the processing subsystem 14. Optical detector
30 converts the optically modulated analog signals received
from receiver 24 to electrical signals. The electrical signals
are transferred to imaging mode processor 32. Imaging
mode processor 32 uses parameter estimation techniques to
generate imaging parameter values from the demodulated
data in scan sequence format. The imaging parameters may
comprise parameters corresponding to various possible
imaging modes such as, for example, B-mode, color velocity
mode, spectral Doppler mode, and tissue velocity imaging
mode. The imaging parameter values are passed to scan
converter 34. Scan converter 34 processes the parameter
data by performing a translation from scan sequence format
to display format. The translation includes performing inter-
polation operations on the parameter data to create display
pixel data in the display format.

[0032] The scan converted pixel data is sent to display
processor 36 to perform any final spatial or temporal filter-
ing of the scan converted pixel data, to apply grayscale or
color to the scan converted pixel data, and to convert the
digital pixel data to analog data for display on monitor 38.
The user interface 40 interacts with the control processor 28
based on the data displayed on monitor 38.

[0033] FIG. 2 is a block diagram of an embodiment of
receiver 24 implemented according to one aspect of the
invention. As described above, the received electrical signals
are routed through receiver 24 to the processing subsystem
14. Receiver 24 comprises amplifier 52, light source 56, and
optical detector 30. The light source is coupled to the optical
detector via an optical conduit 54. Each component of the
receiver is described in further detail below.

[0034] Amplifier 52 is configured for amplifying the
received analog electrical signals from the ultrasound probe
12. In one embodiment, the received electrical signals range
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from micro-volts to milli-volts and may be amplified to a
few volts. In one embodiment, the amplifier is implemented
using analog devices such as transistors. Optical conduit 54
receives the amplified analog electrical signals from ampli-
fier 52 on line 53. The optical conduit also receives con-
tinuous wave light generated by light source 56 on line 55.
The optical conduit is configured for transforming the ana-
log electrical signals into optically modulated analog sig-
nals, which are transmitted to the optical detector 30 on line
57. Transmitting the optically modulated analog signals is
advantageous in that it eliminates the need for an analog to
digital converter in the probe. The presence of the analog to
digital converter in typical probe systems results in higher
power requirements. In addition, the probe size is increased
due to the addition of the analog to digital converter.

[0035] Optical detector 30 is configured to convert the
optically modulated analog signals to corresponding elec-
trical signals. The electrical signals are then transmitted to
the processing subsystem for further signal processing. In
one embodiment, the optical conduit comprises a fiber optic
cable. In a further embodiment, the fiber optic cable com-
prises an optical waveguide and a plurality of optical fibers.
As described above, the optical conduit is configured for
transforming the electric signals to optical signals. The
transformation is accomplished by using electro-optic
modulators as illustrated in FIG. 3.

[0036] FIG. 3 is a block diagram illustrating an optical
waveguide using an electro-optic modulator implemented
according to one aspect of the invention. Optical waveguide
54 receives the electrical signals from the ultrasound probe
12 as well as continuous wave light from light source 56 as
inputs. Electro-optic modulator 62 is configured for modu-
lating the continuous wave light with the electrical signals
received from the ultrasound probe to generate the optically
modulated analog signals shown by reference numeral 57.
The optically modulated analog signals are then transmitted
to optical detector 30 and the processing subsystem 14 for
further processing. The electro-optic modulator 62 is imple-
mented using polymer materials. Polymer materials are
well-suited for use in electro-optic modulators because of
their compactness and reduced input power requirements. In
addition, polymer modulators are lossless devices, and
hence do not generate a substantial amount of heat in the
ultrasound system. In a further embodiment of the invention
as illustrated in FIG. 4, a multiplexer 66 is used in receiver
24. As described with reference to FI1G. 1, ultrasound probe
12 comprises a plurality of transducer elements 71-82, each
transducer configured to generate an electrical signal repre-
sentative of the backscattered waves. The electrical signals
are collectively shown by reference numeral 53.

[0037] Multiplexer 66 of FIG. 4 is configured for coupling
the electro-optic modulator 62 and a corresponding set of
transducers and conducting the electrical signals from the set
of transducers to the electro-optic modulator. For example,
in one embodiment, multiplexer 66 couples transducers
71-76 to electro-optic modulator 62. In a further embodi-
ment, multiplexer 66 includes a plurality of multiplexers and
optical conduit 54 includes a plurality of electro-optic modu-
lators. In such an arrangement, the multiplexers are config-
ured to couple a set of transducers and a corresponding set
of electro-optic modulators. In addition, optical signals can
be multiplexed by using wavelength, allowing many elec-
trical signals to be transmitted on a single optical fiber,
which typically results in better image resolution without
having to increase cable requirements.
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[0038] Demultiplexer 68 is configured for demultiplexing
the optically modulated analog signals received from the
electro-optic modulators. The de-multiplexed optically
modulated analog signals are transmitted to optical detector
30. Optical detector 30 comprises a plurality of photosen-
sitive devices. Each demultiplexed optically modulated ana-
log signal generated by the de-multiplexer is coupled to a
respective photosensitive device in the optical detector. The
photosensitive devices in turn are configured to convert the
optically modulated analog signals to electrical signals. In a
further embodiment, de-multiplexer 68 comprises a plurality
of demultiplexers and optical conduit 54 comprises a plu-
rality of electro-optic modulators.

[0039] In a further embodiment, illustrated in FIG. 5, the
ultrasound probe 12 of the ultrasound system further com-
prises cooling line 70 configured for maintaining a probe
temperature. In an alternate embodiment, the ultrasound
probe comprises a plurality of cooling lines configured for
maintaining a probe temperature.

[0040] The ultrasound probe illustrated in FIG. 5 com-
prises transducer elements 71-82. The ultrasound probe
additionally comprises electronic and optical components 24
as shown in FIG. 4. The cooling line 70 is configured for
absorbing the heat generated by the transducer elements and
electronic components. In one embodiment, the cooling line
comprises a coolant. Examples of the coolant used include
water, water/alcohol mixtures, perfluorinated liquids, and
combinations thereof. The cooling fluid absorbs heat from
the probe through a heat exchanger. The heated fluid is
returned back to the system where the heat is removed from
the fluid by means of a second heat exchanger. The subse-
quently cooled fluid is pumped back to the probe where this
process cycle repeats.

[0041] The above described invention is illustrated as
steps in a flow chart. FIG. 6 is a flow chart illustrating the
various steps in the invention. Each step is described in
further detail below.

[0042] 1In step 84, a plurality of signals is sensed and
corresponding electrical signals are generated. In one
embodiment, the plurality of signals comprises ultrasound
signals. The ultrasound signals are sensed using an ultra-
sound probe. In one embodiment, the ultrasound probe
comprises piezoelectric transducers.

[0043] In step 86, the electrical signals are modulated with
a plurality of optical signals to generate a corresponding
plurality of optically modulated analog signals. In one
embodiment, the electrical signals are modulated using
electro-optic modulators. In a more specific embodiment,
the electro-optic modulators comprise polymer electro-optic
modulators. In a further specific embodiment, the electro-
optic modulator comprises Mach Zehnder electro-optic
modulators.

[0044] In step 88, the plurality of optically modulated
analog signals is converted to a corresponding plurality of
digital signals. In step 90, the plurality of digital signals is
processed to generate the image.

[0045] Referring now to FIG. 7, another embodiment of
the present invention is shown in which optical modulation
is achieved via a silicon-based optical modulator. Such an
optical modulator may be used in place of or in combination
with the modulators discussed above. Ultrasound system 92
of FIG. 7 includes an ultrasound probe head 94 which has a
plurality of transducers 96. As known in the art, the number
and type of transducers as well as the sensitivity or resolu-
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tion of the probe may vary. Thus, it is appreciated that one
or several channels of electrical scan signals 98, representing
ultrasound data, from the probe head may be amplified and
multiplexed by a low-noise amplifier and multiplexer circuit
100. Preferably, the amplification components of circuit 100
are configured for low noise applications, to preserve signal-
to-noise ratio (SNR). In alternate embodiments, the ultra-
sound data signals 98 from probe head 94 may be condi-
tioned by other circuits, such as impedance-matching gain
circuits (not shown). Additionally, it is understood that
amplification, multiplexing, and/or modulation may take
place on a common chip or circuit board integrated into the
probe head 94.

[0046] Optical modulator array 102, in combination with
optical fiber 106, optical source 108 and receiver array 110
create an optical transmission link between probe 94 and an
imaging system 118. Optical modulator array 102 receives
the output of amplification and multiplexing circuit 100 and
modulates an optical signal, such as a constant laser or other
light energy. By modulating the optical signal in accordance
with the one or more channels of ultrasound data signals 98
of the probe head 94, optical modulator array 102 can
encode the data signals 98 onto the optical signal. Thus,
optical modulator array 102 may include one or many
optical modulators, which may or may not correspond to the
number of channels of ultrasound data signals 98 of probe
94. Optical source 108 generates the optical signal used by
optical modulator array 102 and transmits the optical signal
to the modulator array 102 via a fiber optic cable 106.
Preferably, optical modulator array 102 is an array of
silicon-based optical modulators which utilize semiconduc-
tive elements to modulate an optical signal and can be
manufactured using CMOS processes. Therefore, optical
source 108 may be a single-mode or constant output laser
and may be designed for lower power operation than the
optical sources commonly used for optical transmission
without CMOS modulators.

[0047] As the optical signal from the optical source 108
passes through the CMOS modulator array 102, it is split,
phase shifted, and recombined to produce a modulated
output. The functions of CMOS modulator array 102 (split-
ting, phase shifting, recombining, as well as optical signal
wave guiding, and optical signal transport) may be carried
out through the use of PIN-diode based waveguides and are
preferably performed all on a single microchip. A preferred
CMOS optical modulator known as the CMOS Photonics™
Platform is available from Luxtera, Inc., 1819 Aston Ave.,
Suite 102, Carlsbad, Calif. 92008. In addition, modulator
array 102 may be controlled by a bias circuit 104, repre-
sentationally shown as a DC voltage. Bias circuit 104 is
designed to apply a biasing voltage of a desired amount to
maintain modulator 102 in a forward bias mode.

[0048] The modulated optical output by modulator array
102 is transmitted across an optical fiber 106 to an imaging
system 118 for processing and image reconstruction. Optical
fiber 106 may include multiple optical conduits for simul-
taneous transmission of more than one channel of ultrasound
data. Imaging system 118 contains an optical-to-electric
converter or receiver 112 which produces an electrical
output equivalent to the modulated optical carrier. Receiver
110 may therefore include one or more photodiodes or other
optical detection devices. The electrical signals output by the
receiver 110 are then filtered and conditioned by an ampli-
fying and multiplexing circuit 114. Additionally, imaging
system 118 may also contain impedance matching circuits,
mixers, various filters, or other pre-processing and condi-
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tioning components (not shown). An analog-to-digital con-
verter 114 digitizes the electrical signals of the receiver 110
for processing, storage, and/or image reconstruction by
image processing unit 116. By utilizing the optical data
transmission of FIG. 7, ultrasound systems can achieve
lower noise data transfer, with less susceptibility to EMI,
and requiring lower optical power for longer transmission.

[0049] As mentioned above, optical modulators used in
accordance with the present invention may be based on PIN
diode waveguides set to operate in a forward-bias mode of
operation. Typically, optical modulators such as the CMOS
Photonics™ Platform are used for mass digital data transfer
(such as in network communication) in which a higher
bandwidth is desirable. Thus, these modulators are operated
in a reverse-bias mode which can achieve a higher band-
width (10 GHz and above) at the cost of a higher noise
component. However, as known in the art, ultrasound data
transfer often occurs at only significantly lower bandwidths
and is optimized when the noise component is low (about 3
dB). FIG. 8 is a graph of the performance of an exemplary
optical modulator operating in a forward-bias mode. Each
data plot line 120-126 represents the measured signal gain
versus frequency for a number of biasing currents and
voltages. At relatively low frequencies, such as 20 MHz, all
four plot lines 172-178 exhibit a high signal gain. However,
signal gain drops precipitously as bandwidth approaches 10
GHz. Thus, a forward bias is beneficial for use in transmit-
ting ultrasound signals, but may not be as beneficial for
transmitting large amounts of data at higher bandwidths. In
addition, the bias voltage applied to an optical modulator can
affect the gain-bandwidth curve. As shown, a 33 mA,
-0.90V bias voltage 126 will have a lower initial gain versus
a 21 mA, -0.97V bias voltage. Therefore, it is appreciated
that embodiments of the present invention may be adaptable
to meet varying gain and bandwidth characteristics in a
forward bias mode.

[0050] The previously described embodiments of the
present invention have many advantages, including provid-
ing a light ultrasound probe by using optical fibers which
provides easier maneuverability. In addition, the tempera-
ture of the ultrasound probe may also be maintained by
incorporating a cooling line in the design. A technical
contribution for the disclosed method and apparatus is that
it provides for a semiconductor-implemented modulation
technique for optical data transmission between an ultra-
sound probe and the corresponding image processing sys-
tem.

[0051] Therefore, one embodiment of the present inven-
tion includes an ultrasound system having a probe, an image
processor, and an optical transmission link. The image
processor is configured to receive scan signals of a number
of transducers of the probe, and to process an image based
on these signals. The optical transmission link is connected
between the probe and the image processing system and has
at least one silicon-based optical modulator. The link is
configured to communicate the scan signals between the
probe and the image processing system.

[0052] According to another embodiment of the invention,
a method for ultrasound imaging is disclosed. The method
includes acquiring ultrasound data from an object of interest
and electrically communication the data to an optical modu-
lator. The method also includes forward biasing the optical
modulator and modulating an optical signal in accordance
with the ultrasound data. The modulated optical signal is
then transmitted to an imaging subsystem for image recon-
struction.
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[0053] In accordance with a further embodiment of the
invention, an ultrasound probe is provided. The probe
includes a transducer array having a plurality of transducers
and a receiver configured to acquire ultrasound scan data
from the transducers. A light source input of the probe is
connected to receive a light signal. The light signal is
modulated by an optical modulator connected to the receiver
and configured to modulate the light signal to encode the
ultrasound scan data thereon. The optical modulator
includes a number of semiconductors.

[0054] The present invention has been described in terms
of the preferred embodiment, and it is recognized that
equivalents, alternatives, and modifications, aside from
those expressly stated, are possible and within the scope of
the appending claims.

What is claimed is:
1. An ultrasound system comprising:

an ultrasound probe having a number of transducers;

an image processor configured to receive scan signals of
the transducers and process an image based on the scan
signals; and

an optical transmission link connected between the ultra-
sound probe and the image processing system and
configured to communicate the scan signals there-
across, the optical transmission link having at least one
optical modulator.

2. The ultrasound system of claim 1 wherein the optical
transmission link further comprises a light source to provide
an optical signal for modulation.

3. The ultrasound system of claim 2 wherein the light
source is at least one of a single-mode laser source and a low
power laser source.

4. The ultrasound system of claim 1, wherein the at least
one optical modulator includes at least one silicon-based
optical modulator.

5. The ultrasound system of claim 4 wherein the at least
one silicon-based optical modulator is constructed to per-
form multiplexing, optical signal transport, and modulation
within a microchip.

6. The ultrasound system of claim 4 wherein the at least
one silicon-based optical modulator is configured to output
a number of modulated optical signals corresponding to a
number of scan signal channels of the ultrasound probe.

7. The ultrasound system of claim 1, wherein the at least
one optical modulator comprises a polymer material.

8. The ultrasound system of claim 1 further comprising a
circuit configured to apply a biasing voltage to the at least
one optical modulator to maintain the at least one silicon-
based optical modulator in a forward-bias mode.

9. A method for ultrasound imaging comprising:

acquiring ultrasound data from an object of interest;
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electrically communicating the ultrasound data to an
optical modulator;

forward biasing the optical modulator;

modulating an optical signal in accordance with the
ultrasound data; and

transmitting the modulated optical signal to an imaging

subsystem for image reconstruction.

10. The method of claim 9 further comprising condition-
ing electrical signals representing the ultrasound data to
improve a signal-to-noise ratio when transmitting the modu-
lated optical signal to the imaging subsystem.

11. The method of claim 9 wherein the optical modulator
is a silicon optical modulator.

12. The method of claim 9 wherein modulating the optical
signal in accordance with the ultrasound data includes
splitting the optical signal into a number of optical signals
and modulating the number of optical signals in accordance
with a number of channels of ultrasound data.

13. The method of claim 12 wherein modulating the
number of optical signals further comprises multiplexing
and transporting the number of optical signals on a silicon
chip.

14. The method of claim 9 further comprising providing
the optical signal from a laser source.

15. An ultrasound probe comprising:

a transducer array having a plurality of transducers;

a receiver to acquire ultrasound scan data from the
transducers;

a light source input connected to receive a light signal;
and

an optical modulator connected to the receiver and con-
figured to modulate the light signal to encode the
ultrasound scan data thereon.

16. The ultrasound probe of claim 15 further comprising
at least one amplifier configured to amplify electrical signals
representing the ultrasound scan data from the transducers to
improve a signal-to-noise ratio of the modulated light signal.

17. The ultrasound probe of claim 15 wherein the light
signal is a low power laser signal.

18. The ultrasound probe of claim 15 further comprising
an array of optical modulators including at least one of a
semiconductor-based optical modulator and a polymer-
based optical modulator.

19. The ultrasound probe of claim 15 further comprising
one optical modulator for each of a plurality of data channels
of the transducer array.

20. The ultrasound probe of claim 15 further comprising
a biasing circuit to maintain the optical modulator in a
forward-bias mode.
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