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Description
BACKGROUND

[0001] Batesetal. U.S. Patent No. 7,245,789 discuss-
es, among other things, an imaging guidewire that in-
cludes one or more optical fibers communicating light
along the guidewire. At or near a distal end of the
guidewire, light is directed to a photoacoustic transducer
material that provides ultrasonic imaging energy. Re-
turned ultrasound energy is sensed by an ultrasound-to-
optical transducer. A responsive signal is optically com-
municated to the proximal end of the guidewire, such that
it can be processed to develop a 2D or 3D image.

OVERVIEW

[0002] Among other things, the present applicant has
recognized the desirability of reducing or minimizing the
size of a system like that described in Bates. However,
the present applicant has recognized that reducing the
size of the ultrasound-to-optical transducer can also
change the mechanical acoustic resonance of the trans-
ducer at some ultrasound frequencies and can also result
in a generally smaller output signal. Additionally, the
transducer response can become dependent on the po-
larization of the optical signal since it is responsive to
acousticimpedances in the direction of polarization. This
can result in undesirable variations in the output signal
conditional on the polarization direction due to different
resonances in different lateral directions, for example.
One approach to reduce or eliminate this effect would be
to control polarization of the optical signal. However, such
polarization is difficult to control or predict in a cost-ef-
fective manner. Accordingly, the present applicant has
recognized, among other things, that it can be advanta-
geous to provide an ultrasound-to-optical transducer that
is relatively insensitive to optical signal polarization.
[0003] Example 1 caninclude an ultrasound-to-optical
transducer, including an optical fiber, an ultrasound-ab-
sorptive backing configured for substantially absorbing
ultrasound energy that passes beyond the optical fiber
to reach the backing, and a Fiber Bragg Grating (FBG)
interferometer configured for receiving the ultrasound en-
ergy and capable of modulating an optical sensing signal,
in response to the ultrasound energy, substantially inde-
pendent of a polarization angle of the optical sensing
signal. In this example, the optical fiber can include an
optical fiber diameter thatis less than half of a wavelength
of target ultrasound energy to be received by the trans-
ducer.

[0004] In Example 2, the subject matter of Example 1
can optionally comprise an elongated intravascular im-
aging assembly, comprising a proximal external portion
comprising an optical signal interface and a distal portion
sized and shaped and configured for internal intravascu-
lar acoustic imaging. In this example, the imaging as-
sembly can comprise an elongated support, extending
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substantially from the proximal portion of the imaging as-
sembly to the distal portion of the imaging assembly, the
support configured to provide adequate length, rigidity,
and flexibility to permit intravascular introduction and
steering of a distal portion of the imaging assembly to a
location of interest, the optical fiber, extending longitudi-
nally and affixed along the support substantially from the
proximal portion of the imaging assembly substantially
to the distal portion of the imaging assembly, a transduc-
er, located at or near a distal portion of the imaging as-
sembly and configured as at least one of the ultrasound-
to-optical transducer or an optical-to-ultrasound trans-
ducer; and the backing, located in a backing region be-
tween the transducer and the elongated support, the
backing configured to attenuate ultrasound energy that
reaches the backing region by at least 90%.

[0005] In Example 3, the subject matter of any one of
Examples 1 or 2 can optionally be configured so that the
assembly comprises a plurality of the optical fibers, ex-
tending longitudinally and affixed along the support, the
fibers arranged circumferentially about a central longitu-
dinal axis of the support, and a plurality of the transduc-
ers, wherein the transducerincludes a photoacoustic ma-
terial located at a peripheral portion of the optical fiber
that is away from the backing.

[0006] In Example 4, the subject matter of any one of
Examples 1-3 can optionally be configured such that the
optical fiber diameter is less than sixty micrometers.
[0007] In Example 5, the subject matter of any one of
Examples 1-4 can optionally be configured so that the
backing comprises microballoons containing a gas.
[0008] In Example 6, the subject matter of any one of
Examples 1-5 can optionally be configured so that the
microballoons comprise about 30% to about 50% of the
volume of the backing.

[0009] In Example 7, the subject matter of any one of
Examples 1-6 can optionally be configured so that a thick-
ness of the backing is between about 25 micrometers
and about 100 micrometers.

[0010] In Example 8, the subject matter of any one of
Examples 1-7 can optionally comprise the transducer be-
ing configured such that a peak-to-peak amplitude of an
oscillating output optical bias signal modulated by the
transducer varies by no more than one decibel when the
polarization angle of the optical sensing signal is varied
by 90 degrees.

[0011] In Example 9, the subject matter of any one of
Examples 1-8 can optionally be configured such that a
total birefringence induced on an optical signal with a
wavelength of about 1550 nanometers transmitted within
the optical fiber is less than (3x 10°6).

[0012] Example 10 can include (or can be combined
with the subject matter of any one of Examples 1-9 to
include) fabricating an ultrasound-to-optical transducer,
the fabricating comprising providing an optical fiber that
includes a diameter that is less than half of a wavelength
of target ultrasound energy to be received by the trans-
ducer, creating a Fiber Bragg Grating (FBG) interferom-
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eter configured for receiving the ultrasound energy and
capable of modulating an optical sensing signal substan-
tially independent of a polarization of the optical sensing
signal, associating an ultrasound-absorptive backing
with the optical fiber, and configuring the backing for sub-
stantially absorbing ultrasound energy that passes be-
yond the optical fiber to reach the backing.

[0013] In Example 11, the subject matter of any one
of Examples 1-10 can optionally comprise associating
the backing comprising microballoons containing a gas
with the fiber.

[0014] In Example 12, the subject matter of any one
of Examples | -l can optionally comprise providing the
backing comprising the microballoons that comprise
about 30% to about 50% of the volume of the backing.
[0015] In Example 13, the subject matter of any one
of Examples 1-12 can optionally comprise inserting the
backing into a backing region between a central support
structure and the optical fiber, wherein both the support
structure and the fiber extend longitudinally, the backing
region being bounded laterally by a tubular sheath.
[0016] In Example 14, the subject matter of any one
of Examples 1-13 can optionally comprise conforming
the backing to the external surface of a central support
structure, wherein both the support structure and the fiber
extend longitudinally.

[0017] In Example 15, the subject matter of any one
of Examples 1-14 can optionally further comprise con-
forming a tubular sheath to a surface of the backing that
is away from the support structure.

[0018] Example 16 can include (or can be combined
with the subject matter of any one of Examples 1-15 to
include) receiving ultrasound energy with an optical fiber,
the optical fiber including a diameter that is less than half
of a wavelength of the ultrasound energy, and using the
ultrasound energy to modulate an optical sensing signal
substantially independent of a polarization of the optical
sensing signal.

[0019] In Example 17, the subject matter of any one
of Examples 1-16 can optionally comprise using the ul-
trasound energy to modulate the optical sensing signal
substantially independent of the polarization of the optical
sensing signal comprises generating a modulated output
optical signal with a peak-to-peak amplitude that varies
by no more than one decibel when a polarization angle
of the optical sensing signal is varied by 90 degrees.
[0020] - In Example 18, the subject matter of any one
of Examples 1-17 can optionally comprise using the ul-
trasound-absorptive backing to attenuate ultrasound en-
ergy that passes beyond the optical fiber to reach the
backing by at least 90%.

[0021] In Example 19, the subject matter of any one
of Examples 16-18 can optionally comprise forming an
image of a region within a living body using information
from a modulated output optical signal.

[0022] These examples can be combined with each
other in any permutation or combination and or with other
subject matter disclosed herein. This overview is intend-
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ed to provide an overview of subject matter of the present
patent application. It is not intended to provide an exclu-
sive or exhaustive explanation of the invention. The de-
tailed description is included to provide further informa-
tion about the present patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] In the drawings, which are not necessarily
drawn to scale, like numerals may describe similar com-
ponents in different views. Like numerals having different
letter suffixes may represent different instances of similar
components. The drawings illustrate generally, by way
of example, but not by way of limitation, various embod-
iments discussed in the present document.

FIG. 1 is a cross-sectional side view illustrating gen-
erally, by way of example, but not by way of limitation,
an example of an FBG strain sensor in an optical
fiber.

FIG. 2 is a cross-sectional side view illustrating gen-
erally, by way of example, but not by way of limitation,
an example of an FBG grating interferometer sensor.
FIG. 3 is a cross-sectional schematic diagram illus-
trating generally an example of an acousto-optic
transducer.

FIG. 4 is a cross-sectional schematic diagram illus-
trating generally another example of an FBG strain
sensor in an optical fiber.

FIG. 5 is a schematic diagram that illustrates gener-
ally an example of a side view of a distal portion of
a guidewire.

FIG. 6 is a schematic diagram that illustrates gener-
ally an example of a cross-sectional side view of a
distal portion of a guidewire.

FIG. 7 is a schematic diagram that illustrates gener-
ally an example of a cross-sectional end view of a
proximal portion of a guidewire.

FIG. 8 is a schematic diagram that illustrates gener-
ally an example of a cross-sectional end view of a
distal portion of a guidewire.

FIG. 9 is a cross-sectional end view that illustrates
generally an example of a guidewire assembly at a
location of a transducing window.

DETAILED DESCRIPTION
1. Examples of Fiber Bragg Grating Strain Sensors

[0024] FIG. 1is a cross-sectional side view illustrating
generally, by way of example, but not by way of limitation,
an example of a strain-detecting or pressure-detecting
acoustic-to-optical FBG sensor 100 in an optical fiber
105. FBG sensor 100 senses acoustic energy received
from a nearby area to be imaged, and transduces the
received acoustic energy into an optical signal within op-
tical fiber 105. In the example of FIG. 1, FBG sensor 100
caninclude Bragg gratings 110A-B in an optical fiber core
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115, such as surrounded by an optical fiber cladding 120.
Bragg gratings 110A-B can be separated by a strain or
pressure sensing region 125, which, in an example, can
be about a millimeter in length. This example can sense
strain or pressure such as by detecting a variation in
length of the optical path between these gratings 110A-B.
[0025] A Fiber Bragg Grating can be conceptualized
as a periodic change in the optical refractive index of a
portion of the optical fiber core 115. Light of specific wave-
lengths traveling down such a portion of core 115 will be
reflected; the period (distance) 130 of the periodic
change in the optical index determines the particular
wavelengths of light that will be reflected. The degree of
optical index change and the length 135 of the grating
determine the ratio of light reflected to that transmitted
through the grating 110A-B.

[0026] FIG. 2is a cross-sectional side view illustrating
generally, by way of example, but not by way of limitation,
an operative example of an interferometric FBG sensor
100. The example of FIG. 2 can include two FBG mirrors
110A-B, which can be both partially reflective such as for
a specific range of wavelengths of light passing through
fiber core 115. Generally, the reflectivity of each FBG will
be substantially similar, but can differ for particular im-
plementations. This interferometric arrangement of FB-
Gs 110A-B can be capable of discerning the "optical dis-
tance" between FBGs 110A-B with extreme sensitivity.
The "optical distance" can be a function of the effective
refractive index of the material of fiber core 115 as well
asthelength 125 between FBGs 110A-B. Thus, achange
in the refractive index can induce a change in optical path
length, even though the physical distance 125 between
FBGs 110A-B has not substantially changed.

[0027] An interferometer, such as FBG sensor 100,
can be conceptualized as a device that measures the
interference between light reflected from each of the par-
tially reflective FBGs 110A-B. When the optical path
length between the FBG mirrors 110A-B is an exact in-
teger multiple of the wavelength of the optical signal in
the optical fiber core 115, then the light that passes
through the FBG sensor 100 will be a maximum and the
light reflected will be a minimum, so the optical signal is
substantially fully transmitted through the FBG sensor
100. This addition or subtraction can be conceptualized
as interference. The occurrence of full transmission or
minimum reflection can be called a "null" and occurs at
a precise wavelength of light for a given optical path
length. Measuring the wavelength at which this null oc-
curs can yield an indication of the length of the optical
path between the two partially reflective FBGs 110A-B.
In such amanner, aninterferometer, such as FBG sensor
100, can sense a small change in distance, such as a
change in the optical distance 125 between FBGs 110A-
B resulting from received ultrasound or other received
acoustic energy. This arrangement can be thought of as
a special case of the FBG Fabry-Perot interferometer,
sometimes more particularly described as an Etalon, be-
cause the distance 125 between the FBGs 110A-B is
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substantially fixed.

[0028] The sensitivity of an interferometer, such as
FBG sensor 100, can depend in part on the steepness
of the "skirt" of the null in the frequency response. The
steepness of the skirt can be increased by increasing the
reflectivity of the FBGs 100A-B, which also increases the
"finesse" of the interferometer. The present applicant has
recognized, among other things, that increasing the fi-
nesse or steepness of the skirt of FBG sensor 100 can
increase the sensitivity of the FBG sensor 100 to the re-
flected ultrasound signals within a particular wavelength
range but can decrease the dynamic range. As such,
keeping the wavelength of the optical sensing signal with-
in the wavelength range can be advantageous. In an ex-
ample, a closed-loop system can monitor a representa-
tive wavelength (e.g., the center wavelength of the skirt
of the filtering FBG sensor 100) and can adjust the wave-
length of an optical output laser to remain substantially
close to the center of the skirt of the filter characteristic
of the FBG sensor 100 as forces external to the optical
fiber 105, such as bending and stress, cause the center
wavelength of the skirt of the filter characteristic of the
FBG sensor 100 to shift.

[0029] Inanexample, such as illustrated in FIG. 2, the
interferometric FBG sensor 100 can cause interference
between that portion of the optical beam that is reflected
off the first partially reflective FBG 110A with that reflect-
ed from the second partially reflective FBG 110B. The
wavelength of light where an interferometric null will oc-
cur can be very sensitive to the "optical distance" be-
tween the two FBGs 110A-B. The interferometric FBG
sensor 100 of FIG. 2 can provide another very practical
advantage. In this example, the two optical paths along
the fiber core 115 are the same, except for the sensing
region between FBGs 110A-B. This shared optical path
ensures that any optical changes in the shared portion
of optical fiber 105 will have substantially no effect upon
the interferometric signal; only the change in the sensing
region 125 between FBGs 110A-110B is sensed. How-
ever, the present applicant has recognized, among other
things, that this sensing can be affected by birefringence
of the optical fiber within FBG sensor 100.

[0030] Optical birefringence is a measure of the differ-
ence in refractive index of an optical medium for light of
different polarizations. The polarization of light can be
defined as the orientation of the electric vector of the
electromagnetic light wave. Birefringence between two
atleast partially reflective FBGs, such FBGs 110A-B, can
cause different beams of light with different polarizations
to effectively travel slightly different optical path lengths
between the FBGs 110A-B. Therefore, a combination of
birefringence between the at least partially reflective FB-
Gs 110A-B and a shift in the polarization of the optical
signal within the optical fiber core 115 can cause a shift
in the exact wavelength of the null of the FBG sensor
100. When light is split between different polarization
states, the light will be reflected or transmitted from dif-
ferent parts of the skirt of the null, which can lead to fading
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of the optically transduced signal. There are many pos-
sible states of polarization, such as linear, circular, and
elliptical, but the worst signal fading generally occurs
when the optical signal is split equally between linear
polarization states that are orthogonally aligned. With this
in mind, the present applicant has recognized, among
other things, that birefringence should be reduced or oth-
erwise addressed, if possible.

[0031] The present applicant has also recognized that
there can be two main sources of optical birefringence
within the FBG sensor 100. The first source is the intrinsic
birefringence of the optical fiber 105. The intrinsic bire-
fringence is determined mostly during the manufacturing
of the optical fiber 105 and is generally a function of the
level of geometric symmetry, the uniformity of dopant dis-
tribution, and the level of stress in the fiber core 115 dur-
ing the drawing of the fiber core 115.

[0032] The second source of optical birefringence in
the FBG sensor 100 is the process of writing the FBGs
110A and 110B. The present applicant has also recog-
nized that the birefringence induced by the writing of FB-
Gs 110A and 110B can be reduced such as by controlling
one or more aspects of the writing process, such as the
polarization of the writing laser, the laser pulse energy,
the writing exposure time, the amount of hydrogen or
deuterium in the fiber during writing, or any combination
thereof.

2. Examples of FBG Acoustic-to-Optical Transducers

[0033] In an example, an FBG sensor 100 senses
pressure or strain such as generated by ultrasound or
other acoustic energy received from a nearby imaging
region to be visualized and, in response, modulates an
optical sensing signal in an optical fiber. Increasing the
sensitivity of the FBG sensor 100 can provide improved
imaging. A first example of increasing sensitivity is to
increase the amount of strain induced in the FBG sensor
100 for a given dynamic pressure provided by the acous-
tic energy. A second example is to increase the modu-
lation of the optical signal for a given change in strain of
the FBG sensor 100. Any combination of the techniques
of these first and second examples can also be used.

[0034] One technique of increasing the strain induced
in the FBG sensor 100 is to configure the physical at-
tributes of the FBG sensor 100 such as to increase the
degree of strain for a given externally-applied acoustic
field. In an example, the FBG sensor 100 can be shaped
so as to increase the strain for a given applied acoustic
pressure field. FIG. 3 is a cross-sectional schematic di-
agram illustrating such an example in which the FBG
sensor 100 is shaped such that it mechanically resonates
at or near the frequency of the acoustic energy received
from the nearby imaging region, thereby resulting in in-
creased strain. In the example of FIG. 3, all or a portion
of the strain sensing region between FBGs 110A-B is
selected to provide a thickness 300 that promotes such
mechanical resonance of the received acoustic energy,
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thereby increasing the resulting strain sensed by FBG
sensor 100. In an example, such as illustrated in FIG. 3,
this can be accomplished by grinding or otherwise re-
moving a portion of fiber cladding 120, such that the re-
maining thickness of fiber core 115 or fiber cladding 120
between opposing planar (or other) surfaces is selected
to mechanically resonate at or near the frequency of the
acoustic energy received from the nearby imaging re-
gion.

[0035] In an example, mechanical resonance can be
obtained by making the thickness 300 of the strain sens-
ing region substantially the same thickness as 1/2 the
acoustic wavelength (or an odd integer multiple thereof)
in the material(s) of FBG sensor 100 at the acoustic cent-
er frequency of the desired acoustic frequency band re-
ceived from the imaging region. In other examples, such
as for other materials, the thickness 300 can be selected
to match a different proportion of the acoustic wavelength
that obtains the desired mechanical resonance for that
material. Calculations indicate that obtaining such me-
chanical resonance can increase the strain sensitivity by
a factor of 2 or more over that of a sensor that is not
constructed to obtain such mechanical resonance.
[0036] Inathird example, a coating 305 can be applied
to the FBG sensor 100 such as to increase the acoustic
pressure as seen by the FBG sensor 100 over a band of
acoustic frequencies, such as forimproving its sensitivity
over that band. The difference between the mechanical
characteristics of water (or tissue and/or blood, which is
mostly comprised of water) and glass material of the op-
tical fiber 105 carrying the FBG sensor 100 is typically
so significant that only a small amount of acoustic energy
"enters" the FBG sensor 100 and thereby causes strain;
the remaining energy is reflected back into the biological
or other material being imaged. For a particular range of
acoustic frequencies, one or more coatings 305 of spe-
cific thickness 310 or mechanical properties (e.g., the
particular mechanical impedance) of the coating material
can be used to dramatically reduce such attenuation due
to the different mechanical characteristics. An example
can use quarter wave matching, providing a coating 305
of a thickness 310 that is approximately equal to one
quarter of the acoustic signal wavelength received from
the region being imaged. Using such matching, the sen-
sitivity of the FBG sensor 100, over a given band of acous-
tic frequencies of interest, is expected to increase by
about a factor of 2.

[0037] However, for a mechanically resonant trans-
ducer, reducing the thickness of fiber cladding 120, and
therefore reducing the total size of the transducer, is lim-
ited by the wavelength of the acoustic energy to be re-
ceived. In a fourth example, the thickness 300 of the
strain sensing region is substantially less than half of the
wavelength of the target acoustic energy. FIG. 4 is a
cross-sectional schematic diagram illustrating such an
example. In this example, the thickness 300 of the strain
sensing region can be less than 60 micrometers. As the
acoustic width of the transducer is reduced, the cross-
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sectional area of the transducer is reduced, and the total
strain due to acoustic pressure on the transducer is re-
duced. Therefore, a smaller thickness 300 of the strain
sensing region results in a smaller received acoustic sig-
nal, leading to reduced receive sensitivity of the FBG
sensor 100. This reduced receive sensitivity of the FBG
sensor 100 can be improved by placing a backing 440
between the strain sensing region of the optical fiber 105
and a core wire 450 that can be configured to provide
support, rigidity, and flexibility for the assembly. The
backing 440 can include a high acoustic impedance ma-
terial such as a metal or ceramic. In an example, the
backing 440 can be separated from the optical fiber such
as by an acoustically thin (e.g., less than a quarter wave-
length thick) tubular sheath 460. The coating 305 can
also be configured, in an example, for acoustic imped-
ance matching.

[0038] In an example, the backing 440 can be config-
ured to reflect acoustic energy back to the strain sensing
region, such as in a resonant manner, to increase the
total amount of acoustic energy received by the strain
sensing region and thereby increase the strain on the
region. In this example, however, the receive sensitivity
of FBG sensor 100 may depend on the polarization of
the optical sensing signal because the backing 440 does
not enhance the acoustic signal in all directions. The re-
ceive sensitivity generally is highest when the optical
sensing signal is polarized parallel to an axis extending
through the backing 440 and the fiber core 115 or an axis
extending through the core wire 450 and the fiber core
115. The receive sensitivity is generally lowest when the
angle of the polarization of the optical sensing signal is
parallel to the outline of the interface between the backing
440 and the sheath 460, because the backing does not
enhance the signal for this polarization orientation. The
variable sensitivity in this example results atleast partially
from acoustic reflections from the backing 440 and from
the core wire 450. The present applicant has recognized,
among other things, that sensitivity to polarization of the
optical sensing signal should be reduced or eliminated,
if possible, in an example.

[0039] In an example, the backing 440 can be config-
ured to absorb the acoustic energy that penetrates com-
pletely through the optical fiber to reach the backing 440.
In this example, the backing 440 can be configured both
to not reflect any acoustic energy back to FBG sensor
100 and also to inhibit or prevent the core wire 450 from
reflecting any acoustic energy back to FBG sensor 100.
The sheath 460 in this example can be configured to not
reflect any substantial amount of acoustic energy. In an
illustrative example, the sheath 460 can comprise a layer
of UV-curable polyester such as with a thickness of about
10 micrometers orless. The backing440in this illustrative
example can comprise microballoons filled with gas or
microballoons filled with gas mixed into a polymer matrix.
In an example of a device configured for imaging within
a coronary vasculature, the room for the backing 440 is
very limited, and therefore it can be advantageous if the
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backing 440 is relatively highly acoustically absorbent
with a relatively small thickness. In an example in which
acoustic energy that penetrates completely through the
optical fiber to reach the backing 440 is substantially ab-
sorbed by a relatively small thickness of the backing 440,
microballoons can comprise 30% to 50% of the volume
of the backing 440. With such a poylmer-microballoon
mixture, the backing 440 can have a thickness of as little
as 50 micrometers and can be configured to be capable
of attenuating acoustic energy with a frequency of 20
megahertz by 17 decibels to 23 decibels per millimeter
of thickness of the backing 440. In an example, the sen-
sitivity of FBG sensor 100 is relatively independent of the
polarization of the output optical beam within FBG sensor
100. In an example, a peak-to-peak amplitude of the os-
cillating output optical sensing signal varies by no more
than one decibel as the polarization of the output optical
sensing signal is rotated 90 degrees. In an example, the
backing 440 attenuates ultrasound energy by at least
90%.

[0040] The above examples can be combined with
each other or can include more or fewer elements than
are recited in the examples and can still function as de-
scribed in the examples. For example, an ultrasound-to-
optical transducer that is relatively insensitive to the po-
larization of the optical sensing signal can include an op-
tical fiber, a backing configured to absorb ultrasound en-
ergy that goes through the optical fiber to reach the back-
ing, and an FBG interferometer configured to modulate
an optical sensing signal in response to the ultrasound
energy. The optical fiber can include a thickness of the
optical fiber that is less than half the wavelength of the
ultrasound energy that is sensed by the transducer.

3. Examples of Guidewire Design

[0041] FIG. 5 is a schematic diagram that illustrates
generally an example of a side view of a distal portion
500 of animaging guidewire 505 or other elongated cath-
eter (in an example, the guidewire 505 is sized and
shaped and is of flexibility and rigidity such that it is ca-
pable of being used for introducing and/or guiding a cath-
eter or other medical instrument, e.g., over the guidewire
505 within a living body). In this example, the distal por-
tion 500 of the imaging guidewire 505 includes one or
more imaging windows 510A, 510B, ..., 510N located
slightly or considerably proximal to a distal tip 515 of the
guidewire 505. Each imaging window 510 includes one
or more acoustic-to-optical FBG sensors 100. In an ex-
ample, the different imaging windows 510A, 510B,...,
5110N are designed for different optical wavelengths,
such that particular individual windows can be addressed
by changing the optical wavelength being communicated
through fiber core 115.

[0042] FIG. 6 is a schematic diagram that illustrates
generally an example of a cross-sectional side view of a
distal portion 600 of a guidewire 605. In this example,
the guidewire 605 can include a solid metal or other core
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wire 450 that can taper down in diameter (e.g., from an
outer diameter of about 0.028cm (0.011 inches)) at a
suitable distance 615 (e.g., about 50 cm) from the distal
tip 620, to which the tapered-down distal end of core wire
450 can be attached. In this example, optical fibers 625
can be distributed around the outer circumference of the
guidewire core 450, and can be attached to the distal tip
620. In this example, the optical fibers 625 can be at least
partially embedded in a binder material (e.g., UV curable
acrylate polymer) that bonds the optical fibers 625 to the
guidewire core wire 450 or the distal tip 620. The binder
material may also contribute to the torsion response of
the resulting guidewire assembly 605. In an example, the
optical fibers 625 and binder material can be overcoated
with a polymer or other coating 630, such as for providing
abrasion resistance, optical fiber protection, or friction
control, or a combination thereof. At least one metallic or
other bulkhead 640 can be provided along the tapered
portion of the core wire 450. In an example, the optical
fibers 625 and binder 635 can be attached to a proximal
side of the bulkhead 640 such as near its circumferential
perimeter. A distal side of the bulkhead 640 can be at-
tached, such as near its circumferential perimeter, to a
coil winding 610 that can extend further, in the distal di-
rection, to a ball or other distal tip 620 of the guidewire
605. In this example, the composite structure of the distal
region 600 of the guidewire 605 can provide, among other
things, flexibility and rotational stiffness, such as for al-
lowing the guidewire 605 to be maneuvered to animaging
region of interest such as within a vascular or any other
lumen.

[0043] FIG. 7 is a schematic diagram that illustrates
generally an example of a cross-sectional end view of a
proximal portion 700 of guidewire 605, which can include
core wire 450, optical fibers 625, binder material 635,
and outer coating 630. In this example, but not by way
of limitation, the diameter of the core 450 can be about
0.028cm (11/1000 inch), the diameter of the optical fibers
625 can be about 0.00318 cm ((1.25)/1000inch), and the
optional outer coating 1030 can be about 0.000635 cm
((25)/1000 inch) thick.

[0044] FIG. 8 is a schematic diagram that illustrates
generally an example of a cross-sectional end view of
the distal portion 600 of the guidewire 605, e.g., adjacent
to the distal tip 620. In this example, but not by way of
limitation, the diameter of core wire 450 has tapered down
toabout0.0038 cm (1.5/1000 inch), circumferentially sur-
rounded by a void 800 of about the same outer diameter
(e.g., abut 0.028cm (11/1000 inch) as the core wire 450
near the proximal end 700 of the guidewire 605. In this
example, the optical fibers 625 can be circumferentially
disposed in the binder material 635 around the void 800.
Binder material 635 can provide structural support. Op-
tical fibers 625 can be optionally overlaid with the outer
coating 630.
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4. Examples of Acoustic Transducer Construction

[0045] In an example, before one or more acoustic
transducers are fabricated, the guidewire 605 can be as-
sembled. FIG. 9 is a cross-sectional end view illustrating
an example of a structure of such a guidewire assembly
such as at a location of a transducing window 510. An
example of such assembling can include placing the tu-
bular sheath 460 on the core wire 450 such as at the
locations selected for transducing, inserting the backing
440 into a gap between the core wire 450 and the tubular
sheath 460, and binding the optical fibers 625 to the
sheath 460 and the distal tip 620 or bulkhead 640. The
coating 305, which, in an example, can include the outer
coating 630, can then optionally be layered over the op-
tical fibers 625. In another example of such assembling,
the backing 440 can be formed to the surface of the core
wire 450 such as at the locations selected for transducing,
and the tubular sheath 460 can be formed to the exposed
surface of the backing, such as by heatshrieking, for ex-
ample. In an example, the optical fibers 625 can each
have a diameter of less than half of the wavelength of
the acoustic energy that the acoustic transducers are de-
signed to sense, although the diameter of each of the
optical fibers 625 can be larger than this in other exam-
ples.

[0046] After the guidewire 605 has been assembled,
the FBGs can be added to one or more portions of the
optical fibers 625, such as within the transducer windows
510. In an example, an FBG can be created using an
optical process in which a portion of the optical fiber 625
is exposed to a carefully controlled pattern of ultraviolet
(UV) radiation that defines the Bragg grating. Then, a
photoacoustic material or other desired overlayer can be
deposited or otherwise added in the transducer windows
510 such as over the Bragg grating. Thus, in this exam-
ple, the FBGs can be advantageously constructed after
the optical fibers 625 have been mechanically assembled
into the guidewire assembly 605.

[0047] AnFBG writing laser can be used to expose the
desired portion of the optical fiber 625 to a carefully con-
trolled pattern of UV radiation to define the Bragg grating.
The FBG writing laser can be operated so as to reduce
the amount of birefringence caused by the FBGs. This
will reduce the dependence of the FBG sensor 100 on
the polarization of the optical sensing signal that is mod-
ulated by the received acoustic energy. In an illustrative
example, at least one of hydrogen or deuterium can first
be optionally infused into the optical fiber core 115. Con-
ditions for diffusion of the gas into the fiber can be 150
atm pressure at room temperature for 1 to 10 days. Then,
the optical fiber 625 can be exposed to the writing laser,
such as for a time period of between about 30 seconds
and about 10 minutes. In this example, the writing laser
can have a pulse energy of between about 0.1 millijoules
(mJ) and about 10 millijoules and can have a polarization
angle that is substantially parallel to the longitudinal axis
of the optical fiber core 115.
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[0048] In anillustrative example, such as in which hy-
drogen is not infused into the optical fiber core 115, the
optical fiber 625 can be exposed to the writing laser such
as for a time period of between about 30 seconds and
about 10 minutes. In this example, the writing laser can
have a pulse energy of between about 0.1 millijoules and
about 10 millijoules and a polarization angle that is sub-
stantially perpendicular to the longitudinal axis of the op-
tical fiber core 115. In either this example or the above
example in which hydrogen or deuteriumiis first optionally
infused into the optical fiber core 115, desired portions
of all layers or coverings over the fiber cladding 120 can
optionally be removed before the optical fiber 625 is ex-
posed to the writing laser.

[0049] In an example, the writing conditions can be
controlled so that the FBG sensor 100 is relatively insen-
sitive to the polarization of the output optical signal. This
can include, for example, reducing the speed of writing
by lowering the intensity of the UV lamp in order to reduce
heating biases. In an example, the shift in the center
wavelength of the skirt of the FBG sensor 100 as the
polarization of the output optical sensing signal is rotated
90 degrees is less that half of the Full Width Half Maxi-
mum of the skirt of the FBG sensor 100. In another ex-
ample, a total birefringence induced on an optical signal
with a wavelength of about 1550 nanometers transmitted
within the optical fiber 625 is less than (3x10-6).

Additional Notes

[0050] In this document, the term "minimally-invasive"
refers to techniques that are less invasive than conven-
tional surgery; the term "minimally-invasive" is notintend-
ed to be restricted to the least-invasive technique possi-
ble.

[0051] Although certain of the above examples have
been described with respect to intravascular imaging
(e.g., for viewing or identifying vulnerable plaque), the
present systems, devices, and methods are also appli-
cable to imaging any other body part. For example, the
guidewire or other elongated body as discussed above
can be inserted into a biopsy needle, laparoscopic de-
vice, or any other lumen or cavity such as for performing
imaging. Moreover, such imaging need not involve inser-
tion of an elongate body into a lumen, for example, an
imaging apparatus can be wrapped around a portion of
a region to be imaged.

[0052] In an example, the present systems, devices,
and methods can be used to process the Doppler shift
in acoustic frequency to image or measure blood flow.
The operation can be similar to that described above,
however, this would increase the length of the transmitted
acoustic signal, and can use Doppler signal processing
in the image processing portion of the control electronics.
The transmitted acoustic signal can be lengthened, in an
example, such as by repeatedly pulsing the transmit op-
tical energy at the same rate as the desired acoustic fre-
quency.
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[0053] The above detailed description includes refer-
ences to the accompanying drawings, which form a part
of the detailed description. The drawings show, by way
of illustration, specific embodiments in which the inven-
tion can be practiced. These embodiments are also re-
ferred to herein as "examples." Such examples can in-
clude elements in addition to those shown and described.
However, the present inventors also contemplate exam-
ples in which only those elements shown and described
are provided.

[0054] Allpublications, patents, and patent documents
referred to in this document are incorporated by refer-
ence herein in their entirety, as though individually incor-
porated by reference. In the event of inconsistent usages
between this document and those documents so incor-
porated by reference, the usage in the incorporated ref-
erence(s) should be considered supplementary to that
of this document; for irreconcilable inconsistencies, the
usage in this document controls.

[0055] Inthis document, the terms "a" or "an" are used,
as is common in patent documents, to include one or
more than one, independent of any other instances or
usages of "at least one" or "one or more." In this docu-
ment, the term "or" is used to refer to a nonexclusive or,
such that "A or B" includes "A but not B," "B but not A,"
and"A and B," unless otherwise indicated. Inthe append-
ed claims, the terms "including" and "in which" are used
as the plain-English equivalents of the respective terms
"comprising" and "wherein." Also, in the following claims,
the terms "including" and "comprising" are open-ended,
that is, a system, device, article, or process that includes
elements in addition to those listed after such a term in
a claim are still deemed to fall within the scope of that
claim. Moreover, in the following claims, the terms "first,"
"second," and "third," etc. are used merely as labels, and
are not intended to impose numerical requirements on
their objects.

[0056] Method examples described herein can be ma-
chine or computer-implemented at least in part. Some
examples can include a computer-readable medium or
machine-readable medium encoded with instructions op-
erable to configure an electronic device to perform meth-
ods as described in the above examples. An implemen-
tation of such methods can include code, such as mi-
crocode, assembly language code, a higher-level lan-
guage code, or the like. Such code can include computer
readable instructions for performing various methods.
The code may form portions of computer program prod-
ucts. Further, the code may be tangibly stored on one or
more volatile or non-volatile computer-readable media
during execution or at other times. These computer-read-
able media may include, but are not limited to, hard disks,
removable magnetic disks, removable optical disks (e.g.,
compact disks and digital video disks), magnetic cas-
settes, memory cards or sticks, random access memo-
ries (RAMs), read only memories (ROMs), and the like.
[0057] The above description is intended to be illustra-
tive, and not restrictive. For example, the above-de-
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scribed examples (or one or more aspects thereof) may
be used in combination with each other. Other embodi-
ments can be used, such as by one of ordinary skill in
the art upon reviewing the above description. The Ab-
stract is provided to comply with 37 C.F.R. §1.72(b), to
allow the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understand-
ing that it will not be used to interpret or limit the scope
or meaning of the claims. Also, in the above Detailed
Description, various features may be grouped together
to streamline the disclosure. This should not be interpret-
ed as intending that an unclaimed disclosed feature is
essential to any claim. Rather, inventive subject matter
may lie in less than all features of a particular disclosed
embodiment. Thus, the following claims are hereby in-
corporated into the Detailed Description, with each claim
standing on its own as a separate embodiment. The
scope of the invention should be determined with refer-
ence to the appended claims, along with the full scope
of equivalents to which such claims are entitled.

Claims
1. An apparatus comprising:

an ultrasound-to-optical transducer, compris-
ing:

an optical fiber (105), including an optical
fiber diameter that is less than half of a
wavelength of target ultrasound energy to
be received by the transducer;

an ultrasound-absorptive backing (440)

a Fiber Bragg Grating (FBG) interferometer
(100), included in the optical fiber, the FBG
configured for receiving the ultrasound en-
ergy and capable of modulating an optical
sensing signal, in response to the ultra-
sound energy; and

wherein the ultrasound-absorptive backing
is configured for substantially absorbing ul-
trasound energy that passes beyond the op-
tical fiber to reach the backing such that the
FBG interferometer is capable of modulat-
ing the optical sensing signal, in response
to the ultrasound energy, substantially in-
dependent of the polarization angle of the
optical sensing signal.

2. The apparatus of claim 1, wherein the optical fiber
diameter is less than sixty micrometers.

3. The apparatus of any one of claims 1 or 2, wherein
the backing comprises microballoons containing a

gas.

4. The apparatus of claim 3, wherein the microballoons
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comprise about 30% to about 50% of a volume of
the backing.

5. The apparatus of any one of claims 1-4, wherein a
thickness of the backing is between about 25 mi-
crometers and about 100 micrometers.

6. The apparatus of any one of claims 1-5, wherein the
transducer is configured such that a peak-to-peak
amplitude of an oscillating output optical bias signal
modulated by the transducer varies by no more than
one decibel when the polarization angle of the optical
sensing signal is varied by 90 degrees.

7. The apparatus of any one of claims 1-6, wherein a
total birefringence induced on an optical signal with
a wavelength of about 1550 nanometers transmitted
within the optical fiber is less than (3x1076).

8. The apparatus of any one of claims 1-7 comprising:

an elongated intravascular imaging assembly,
comprising an external proximal portion com-
prising an optical signal interface and a distal
portion sized and shaped and configured for in-
ternal intravascular acoustic imaging, the imag-
ing assembly comprising:

an elongated support, extending substan-
tially from the proximal portion of the imag-
ing assembly to the distal portion of the im-
aging assembly, the support configured to
provide adequate length, rigidity, and flexi-
bility to permit intravascular introduction
and steering of a distal portion of the imag-
ing assembly to a location of interest;

the optical fiber, extending longitudinally
and affixed along the support substantially
from the proximal portion of the imaging as-
sembly substantially to the distal portion of
the imaging assembly;

atransducer, located at or near a distal por-
tion of the imaging assembly and configured
as at least one of the ultrasound-to-optical
transducer or an optical-to-ultrasound
transducer; and

the backing, located in a backing region be-
tween the transducer and the elongated
support, the backing configured to attenu-
ate ultrasound energy that reaches the
backing region by at least 90%.

9. The apparatus of any one of claims 1-8, wherein the
assembly comprises:

a plurality of the optical fibers, extending longi-
tudinally and affixed along the support, the fibers
arranged circumferentially about a central lon-
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gitudinal axis of the support; and

a plurality of the transducers, wherein the trans-
ducer includes a photoacoustic material located
at a peripheral portion of the optical fiber that is
away from the backing.

A method comprising:

fabricating an ultrasound-to-optical transducer,
the fabricating comprising:

providing an optical fiber (105) that includes
a diameter that is less than half of a wave-
length of target ultrasound energy to be re-
ceived by the transducer;

creating a Fiber Bragg Grating (FBG) inter-
ferometer (100), included in the optical fiber,
the FBG configured for receiving the ultra-
sound energy and capable of modulating an
optical sensing signal substantially inde-
pendent of a polarization of the optical sens-
ing signal,

associating an ultrasound-absorptive back-
ing (440) with the optical fiber; and
configuring the backing for substantially ab-
sorbing ultrasound energy that passes be-
yond the optical fiber to reach the backing
such that, in use, the FBG interferometer is
capable of modulating the optical sensing
signal, in response to the ultrasound ener-
gy, substantially independent of the polari-
zation angle of the optical sensing signal.

The method of claim 10, wherein associating the
backing with the fiber comprises associating the
backing comprising microballoons containing a gas
with the fiber.

The method of claim 11, wherein associating the
backing comprising microballoons with the fiber
comprises providing the backing comprising the mi-
croballoons that comprise about 30% to about 50%
of the volume of the backing.

The method of any one of claims 10-12, wherein as-
sociating the backing comprising microballoons
comprises inserting the backing into abacking region
between a central support structure and the optical
fiber, wherein both the support structure and the fiber
extend longitudinally, the backing region being
bounded laterally by a tubular sheath.

The method of any one of claims 10-12, wherein pro-
viding the backing comprises conforming the back-
ing to the external surface of a central support struc-
ture, wherein both the support structure and the fiber
extend longitudinally.
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The method of any one of claims 10-14, wherein pro-
viding the backing further comprises conforming a
tubular sheath to a surface of the backing thatis away
from the support structure.

A method comprising:

receiving ultrasound energy with an optical fiber
(105), the optical fiber including a diameter that
is less than half of a wavelength of the ultrasound
energy; and

using the ultrasound energy to modulate an op-
tical sensing signal in the optical fiber, the mod-
ulation being substantially independent of a po-
larization of the optical sensing signal by using
an ultrasound-absorptive backing (440) to sub-
stantially attenuate ultrasound energy that pass-
es beyond the optical fiber to reach the backing.

The method of claim 16, wherein using the ultra-
sound energy to modulate the optical sensing signal,
the modulation being substantially independent of
the polarization of the optical sensing signal, com-
prises generating a modulated output optical signal
with a peak-to-peak amplitude that varies by nomore
than one decibel when a polarization angle of the
optical sensing signal is varied by 90 degrees.

The method of any one of claims 16 or 17, comprising
using the ultrasound-absorptive backing to attenuate
ultrasound energy that passes beyond the optical
fiber to reach the backing by at least 90%.

The method of any one of claim 16-18, comprising
forming an image of a region within a living body
using information from a modulated output optical.

Patentanspriiche

1.

Apparatur, aufweisend:
einen Ultraschall-zu-Optik-Wandler, aufwei-
send:

eine optische Faser (105), die einen opti-
schen Faserdurchmesser hat, derkleinerist
als die halbe Wellenlange der Target-Ultra-
schallenergie, die durch den Wandler auf-
zunehmen ist;

eine Ultraschall absorptive Rickschicht
(440);

ein Faser-Bragg-Gitter (FBG) Interferometer
(100), das in der optischen Faser aufgenommen
ist, wobei das FBG zum Aufnehmen der Ultra-
schallenergie konfiguriert ist und in Antwort auf
die Ultraschallenergie ein optisches Sensorsi-
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gnal zu Modulieren im Stande ist; und

wobei die Ultraschall absorptive Rickschicht dazu
konfiguriert ist, im Wesentlichen Ultraschallenergie
zu absorbieren, die Uiber die optische Faser [auft, um
die Rlckschicht zu erreichen, derart, dass das FBG-
Interferometer zur Modulation des optischen Sen-
sorsignals in Antwort auf die Ultraschallenergie fahig
ist, und zwar im Wesentlichen unabhangig von dem
Polarisationswinkel des optischen Sensorsignals.

Apparatur nach Anspruch 1, wobei der optische Fa-
serdurchmesser kleiner als 60 Mikrometer ist.

Apparatur nach einem der Anspriiche 1 oder 2, wo-
bei die Rickschicht Mikroballons aufweist, die ein
Gas enthalten.

Apparatur nach Anspruch 3, wobei die Mikroballons
ca. 30% bis ca. 50% eines Volumens der Rick-
schicht ausmachen.

Apparatur nach einem der Anspriiche 1 - 4, wobei
eine Dicke der Riickschicht zwischen ca. 25 Mikro-
metern und ca. 100 Mikrometern ist.

Apparatur nach einem der Anspriiche 1 - 5, wobei
der Wandler so konfiguriert ist, dass eine Peak-to-
Peak Amplitude eines oszillierenden optisch vorein-
gestellten Ausgangs-Signals, das durch den Wand-
ler moduliert wird, durch nicht mehr als ein Dezibel
variiert, wenn der Polarisationswinkel des optischen
Sensorsignals durch 90 Grad variiert wird.

Apparatur nach einem der Anspriiche 1 - 6, wobei
eine Gesamtbrechkraft, die auf ein optisches Signal
mit einer durch die optische Faser transmittierten
Wellenlange von ca. 1500 Nanometern induziert ist,
geringer als (3x10) ist.

Apparatur nach einem der Anspriiche 1 - 7, aufwei-
send:

eine langgestreckte intravaskulare Bildvorrich-
tung, aufweisend einen externen Proximalab-
schnitt, aufweisend ein optisches Signalinter-
face, sowie einen Distalabschnitt, der in seiner
GroRe und Form fiir eine interne intravaskulare
akustische Bildgenerierung ausgestaltet und
konfiguriert ist, wobei die Bildvorrichtung auf-
weist:

einen langgestreckten Trager, der sich im
Wesentlichen von dem proximalen Ab-
schnitt der Bildvorrichtung zu dem distalen
Abschnitt der Bildvorrichtung erstreckt, wo-
beider Trager zum Vorsehen einer adaqua-
ten Lange, Steifheit und Flexibilitat konfigu-
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riert ist, um eine intravaskulare Einfihrung
und Steuerung eines distalen Abschnitts
der Bildvorrichtung an eine erwiinschte Lo-
kation zu ermdglichen;

die optische Faser, die sich langsseits er-
streckt und entlang des Tragers im Wesent-
lichen von dem proximalen Abschnitt der
Bildvorrichtung zu im Wesentlichen dem di-
stalen Abschnitt der Bildvorrichtung fixiert
ist;

einen Wandler, der am oder nahe des di-
stalen Abschnitts der Bildvorrichtung ange-
ordnet und als mindestens ein Ultraschall-
zu-Optik-Wandler oder als ein Optik-zu-UlI-
traschall-Wandler konfiguriert ist; und

die Rlickschicht, die in einem Ruckschicht-
Bereich zwischen dem Wandler und dem
langgestreckten Trager angeordnet ist, wo-
bei die Ruckschicht konfiguriert ist, um die
den Ruckschichtbereich erreichende Ultra-
schall-Energie um mindestens 90 % zu
dampfen.

9. Apparatur nach einem der Anspriiche 1 - 8, wobei

die Vorrichtung aufweist:

eine Mehrzahl an optischen Fasern, die sich
langsseits erstrecken und entlang des Tragers
fixiert sind, wobei die Fasern am AuRenumfang
um eine zentrale Léangsachse des Tragers an-
geordnet sind; und

eine Mehrzahl von diesen Wandlern, wobei der
Wandler ein fotoakustisches Material aufweist,
das an einem peripheren Abschnitt der opti-
schen Faser angeordnet ist, das von der Riick-
schicht entfernt liegt.

10. Verfahren, umfassend:

ein Herrichten eines Ultraschall-zu-Optik-
Wandlers, welches Herrichten umfasst:

Vorsehen einer optischen Faser (105), die
einen Durchmesser hat, der kleiner ist als
eine halbe Wellenldnge der Target-Ultra-
schallenergie, die von dem Wandler aufzu-
nehmen ist;

Schaffen eines Faser-Bragg-Gitter (FBG)
Interferometers (100), der in der optischen
Faser enthalten ist, wobei das FBG konfi-
guriert ist, die Ultraschallenergie aufzuneh-
men und fahig ist, ein optisches Sensorsi-
gnal zu modulieren, das im Wesentlichen
unabhangig von einer Polarisation des op-
tischen Sensorsignals ist;

Verbinden einer Ultraschall absorptiven
Riickschicht (440) mit der optischen Faser;
und
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Konfigurieren der Riickschicht, um im We-
sentlichen Ultraschallenergie zu absorbie-
ren, die Uber die optische Faser lauft, um
die Ruckschicht zu erreichen, derart, dass
wahrend der Verwendung das FBG-Interfe-
rometer in Antwort auf die Ultraschallener-
gie das optische Sensorsignal zu modulie-
renim Standeist, und zwarim Wesentlichen
unabhangig von Polarisationswinkel des
optischen Sensorsignals.

Verfahren nach Anspruch 10, wobei das Verbinden
der Rickschicht mit der Faser ein Verbinden der
Ruckschicht mit der Faser umfasst, die Mikroballons
enthalt, die ein Gas aufweisen.

Verfahren nach Anspruch 11, wobei das Verbinden
der die Mikroballons aufweisenden Rickschicht mit
der Faser das Schaffen einer Riickschicht umfasst,
die Mikroballons aufweisen, die ca. 30 % - ca. 50%
des Volumens der Riickschicht ausmachen.

Verfahren nach einem der Anspriiche 10 - 12, wobei
das Verbinden der die Mikroballons aufweisenden
Ruickschicht das Einsetzen der Riickschicht in einen
Ruckschichtbereich zwischen einer zentralen Tra-
gerstruktur und der optischen Faser umfasst, wobei
sowohl die Tragerstruktur als auch die Faser sich
langsseits erstrecken und der Rickschichtbereich
seitlich durch einen rohrférmigen Mantel gebondet
ist.

Verfahren nach einem der Anspriiche 10 - 12, wobei
das Vorsehen der Riickschicht ein Bilden der Riick-
schicht an der externen Oberflache einer zentralen
Tragerstruktur beinhaltet, wobei sich sowohl die Tra-
gerstruktur als auch die Faser langsseits erstrecken.

Verfahren nach einem der Anspriiche 10 - 14, wobei
das Vorsehen der Riickschicht ferner ein Bilden ei-
nes rohrférmigen Mantels an einer Oberflache der
Ruckschicht umfasst, die von der Tragerstruktur ent-
fernt liegt.

Verfahren, aufweisend:

Aufnehmen von Ultraschallenergie mit einer op-
tischen Faser (105), wobei die optische Faser
einen Durchmesser hat, die geringer ist als eine
halbe Wellenlange der Ultraschallenergie; und
Verwenden der Ultraschallenergie zur Modula-
tion eines optischen Sensorsignals in der opti-
schen Faser, wobei die Modulation im Wesent-
lichen unabhangig ist von einer Polarisation des
optischen Sensorsignals, indem eine Ultra-
schall absorptive Riickschicht (440) verwendet
wird, um Ultraschallenergie, die Uber die opti-
sche Faser lauft und die Rickschicht erreicht,
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im Wesentlichen zu dampfen.

Verfahren nach Anspruch 16, wobei das Verwenden
der Ultraschallenergie zur Modulation des optischen
Sensorsignals, welche Modulation im Wesentlichen
unabhangig von der Polarisation des optischen Sen-
sorsignals ist, das Generieren eines modulierten
Ausgangs-Optik-Signals mit einer Peak-zu-Peak
Amplitude umfasst, die nicht mehr als ein Dezibel
variiert, wenn ein Polarisationswinkel des optischen
Sensorsignals durch 90 Grad variiert wird.

Verfahren nach einem der Anspriiche 16 oder 17,
das ein Verwenden der Ultraschall absorptiven
Ruckschicht zur Dampfung von mindestens 90% der
Ultraschallenergie umfasst, die liber die optische Fa-
ser lauft und die Rickschicht erreicht.

Verfahren nach einem der Anspriiche 16 - 18, ferner
umfassend ein Bilden eines Bildes eines Bereiches
innerhalb eines Lebendkérpers unter Verwendung
der Information, die aus einem modulierten opti-
schen Ausgang gewonnen wird.

Revendications

1.

Appareil comprenant :
un transducteur ultrason-optique, comprenant :

une fibre optique (105), ayant un diamétre
de fibre optique qui est inférieur a la moitié
d’une longueur d’'onde d’énergie ultrasono-
re cible devant étre regue par le
transducteur ;

un support absorbant les ultrasons (440)
un interférometre a fibres optiques aréseau
de Bragg (FBG - Fiber Bragg Grating) (100),
inclus dans la fibre optique, les FBG étant
configurées pour recevoir I'énergie ultraso-
nore et étant capables de moduler un signal
de détection optique, enréponse al'énergie
ultrasonore ; et

dans lequel le support absorbant les ultrasons est
configuré pour sensiblement absorber I'énergie ul-
trasonore qui passe au-dela de la fibre optique pour
atteindre le support de telle sorte que l'interférométre
FBG est capable de moduler le signal de détection
optique, en réponse a I'énergie ultrasonore, sensi-
blement indépendamment de I'angle de polarisation
du signal de détection optique.

Appareil selon la revendication 1, dans lequel le dia-
meétre de la fibre optique est inférieur a soixante mi-
crométres.
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Appareil selon I'une quelconque des revendications
1 ou 2, dans lequel le support comprend des micro-
ballons contenant un gaz.

Appareil selon la revendication 3, dans lequel les
microballons constituent environ 30 % a environ 50
% d’un volume du support.

Appareil selon I'une quelconque des revendications
1a4,dans lequel une épaisseur du support est com-
prise entre environ 25 micrométres et environ 100
micrometres.

Appareil selon I'une quelconque des revendications
1 a 5, dans lequel le transducteur est configuré de
telle sorte qu’'une amplitude créte-a-créte d’'un signal
de polarisation optique de sortie oscillant modulée
par le transducteur ne varie pas de plus d’'un décibel
lorsque I'angle de polarisation du signal de détection
optique est varié de 90 degrés.

Appareil selon I'une quelconque des revendications
1 a 6, dans lequel une biréfringence totale induite
sur unsignal optique avec une longueur d’'onde d’en-
viron 1 550 nanometres transmis a l'intérieur de la
fibre optique est inférieure a (3 x 106).

Appareil selon I'une quelconque des revendications
1 a7 comprenant :

un ensemble d’'imagerie intravasculaire allongé,
comprenant une partie proximale externe com-
prenant une interface de signal optique et une
partie distale dimensionnée et fagonnée et con-
figurée pour I'imagerie acoustique intravascu-
laire interne, I'ensemble d’imagerie compre-
nant:

un élémentd’appui allongé, s’étendant sen-
siblementde la partie proximale del'ensem-
ble d’imagerie vers la partie distale de I'en-
semble d’imagerie, I'élément d’appui étant
configuré pour conférer une longueur, une
rigidité et une flexibilité adéquates pour per-
mettre I'introduction et le guidage intravas-
culaires d’une partie distale de 'ensemble
d’imagerie vers un emplacement d’intérét ;
la fibre optique, s’étendant longitudinale-
ment et sensiblement fixée le long du sup-
port a partir de la partie proximale de I'en-
semble d’imagerie sensiblement jusqu’a la
partie distale de I'ensemble d'imagerie ;

un transducteur, situé au niveau d’une par-
tie distale de 'ensemble d’imagerie ou prés
de celle-ci et configuré en tant qu’au moins
'un parmi le transducteur ultrason-optique
et un transducteur optique-ultrason ; et

le support, situé dans une région de support
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entre le transducteur et I'élément d’appui al-
longé, le support étant configuré pour atté-
nuer I'énergie ultrasonore qui atteint la ré-
gion de support a hauteur d’au moins 90 %.

9. Appareil selon 'une quelconque des revendications

10.

1.

12,

1-8, dans lequel 'ensemble comprend :

une pluralité des fibres optiques, s’étendant lon-
gitudinalement et fixées le long de I'élément
d’appui, les fibres étant disposées circonféren-
tiellement autour d’'un axe longitudinal central
de I'élément d’appui ; et

une pluralité des transducteurs, le transducteur
incluant un matériau photoacoustique situé sur
une partie périphérique de la fibre optique qui
est éloignée du support.

Procédé comprenant :

la fabrication d’'un transducteur ultrason-opti-
que, la fabrication consistant a :

fournir une fibre optique (105) ayant un dia-
métre qui est inférieur a la moitié d’une lon-
gueur d’'onde d’énergie ultrasonore cible
devant étre regue par le transducteur ;
créer un interféromeétre a fibres optiques a
réseau de Bragg (FBG) (100), inclus dans
la fibre optique, les FBG étant configurées
pour recevoir I'énergie ultrasonore et étant
capables de moduler un signal de détection
optique sensiblement indépendamment
d’une polarisation du signal de détection
optique ;

associer un support absorbant les ultrasons
(440) a la fibre optique ; et

configurer le support pour absorber sensi-
blement I'énergie ultrasonore qui passe au-
dela delafibre optique pour atteindre le sup-
portde telle sorte que, en cours d’utilisation,
l'interféromeétre FBG est capable de modu-
ler le signal de détection optique, en répon-
se a I'énergie ultrasonore, sensiblement in-
dépendamment de I'angle de polarisation
du signal de détection optique.

Procédé selon la revendication 10, dans lequel I'as-
sociation du support avec la fibre comprend 'asso-
ciation du support comprenant les microballons con-
tenant un gaz avec la fibre.

Procédé selon la revendication 11, dans lequel I'as-
sociation du support comprenant les microballons
avec lafibre consiste a fournir le support comprenant
les microballons qui constituent environ 30 % a en-
viron 50 % du volume du support.
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Procédé selon I'une quelconque des revendications
10-12, dans lequel I'association du support compre-
nant les microballons consiste a insérer le support
dans une région de support entre une structure d’ap-
pui centrale et la fibre optique, dans lequel tant la
structure d’appui que la fibre s’étendent longitudina-
lement, la région de support étant limitée latérale-
ment par une gaine tubulaire.

Procédé selon I'une quelconque des revendications
10-12, dans lequel la fourniture du support consiste
a faire concorder le support avec la surface externe
d’une structure d’appui centrale, dans lequel tant la
structure d’appui que la fibre s’étendent longitudina-
lement.

Procédé selon I'une quelconque des revendications
10-14, dans lequel la fourniture du support consiste
en outre a faire concorder une gaine tubulaire avec
une surface du support qui est éloignée de la struc-
ture d’appui.

Procédé consistant a :

recevoir une énergie ultrasonore ayant une fibre
optique (105), la fibre optique comprenant un
diamétre qui est inférieur a la moitié d’une lon-
gueur d’onde de I'énergie ultrasonore ; et
utiliser I'énergie ultrasonore pour moduler un si-
gnal de détection optique dans la fibre optique,
la modulation étant sensiblement indépendante
d’une polarisation du signal de détection optique
par l'utilisation d’un support absorbant les ultra-
sons (440) pour sensiblement atténuer I'énergie
ultrasonore qui passe au-dela de la fibre optique
pour atteindre le support.

Procédé selon la revendication 16, dans lequel I'uti-
lisation de I'énergie ultrasonore pour moduler le si-
gnal de détection optique, la modulation étant sen-
siblement indépendante de la polarisation du signal
de détection optique, consiste & générer un signal
optique de sortie modulé avec une amplitude créte-
a-créte qui ne varie pas de plus d’'un décibel lors-
gu’un angle de polarisation du signal de détection
optique est varié de 90 degrés.

Procédé selon 'une quelconque des revendications
16 ou 17, comprenant l'utilisation du support absor-
bant les ultrasons pour atténuer I'énergie ultrasono-
re qui passe au-dela de la fibre optique pour atteindre
le support & hauteur d’au moins 90 %.

Procédé selon I'une quelconque des revendications
16-18, comprenant la formation d’une image d’une
région a l'intérieur d’un corps vivant au moyen d’in-
formations provenant d’'une optique de sortie modu-
lée.

10

15

20

25

30

35

40

45

50

55

14

26



EP 2 356 412 B1

125 10
STRAN SENSING REGION -|———‘——| ’
( N
won ==~ TS
105 < ll:'lllllllllllll llllllllSlIIllll] .\~\\5
"—r"| ~120
13
~ ‘\_\— FIBER CORE
FIBER CLADDING
FIG. 1

TOTALLY REFLECTING GRATING

125 //\%
PARTALLY REFLECTING GRATING N\ |——~——|

PASSED PART OF N
NCENT BEAH — NGDBT BE\ \ 120

~115
111 \ 111

110 \ W 2

FIRST PART OF THE - SECOND PART OF THE
BEAM (TEST PORTION) BEAM (TEST PORTION)

FIG. 2

15



EP 2 356 412 B1

//\%
Wy
~ Y M 120
110A
105 < ll?lllllllllllll 1 .\ "{l\gg’""”“ 15 [.3% ]BIEI%?(NAEg
§ \ ~120
ABER LG~ FBER ODRE
FIG, 3
\QQN
NH
[ =
10A 1108 120 FIBER CLADDING
0 A105 < mm?nmuu IIIIIIIHIIIIIHTI 115 FIBER CORE
1-120FIBER CLADDING
LN - 480 SHEATH
1~ AAQ BACKING
1430 CORE WIRE

FIG. 4

16



603

EP 2 356 412 B1

17

A\ 104 o108 C M
S § § S 4 >
FG. 5
600 4
835 600
8- \“ L
450 J—
: { 7
630 640 620



EP 2 356 412 B1

18



EP 2 356 412 B1

OPTICAL FIBER
ol0A BINDING

440
BACKING

P
0 CORE WIRE

FG. 9

19



EP 2 356 412 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

. US 7245789 B, Bates [0001]

20



patsnap

FRBHORF) KF B W ES
DN (E)S EP2356412B1 N (E)H 2012-08-15
HiES EP2009793238 HiEH 2009-10-01

FRIRF(EFRRN)AGE) MEKCORP
RF(EFR)AGE) ME RGN A

HARBHEIRAGE) MERELF

[#R1& B8 A EBERLE MICHAEL J
TASKER DIANA MARGARET
ROURKE HOWARD NEIL
EBHA EBERLE, MICHAEL J.
TASKER, DIANA MARGARET
ROURKE, HOWARD NEIL
IPCH %5 G01H9/00 A61B8/12
CPCH %S A61B5/0095 A61B1/00082 A61B1/07 A61B5/0097 A61B5/6851 A61B8/12 A61B8/4483 GO1H9/004
Y10T29/49005
R 61/102216 2008-10-02 US
H T 3Rk EP2356412A1
SAERBEE Espacenet
HE({%) 125 //\00
STRAIN SENSING REGION
ﬁ}z{s%%éﬂ@a‘-ﬁ“n‘i*—%éﬁﬁn_%m DNEBMN KT, TEHIEmmA =M ™ __”_4 R
, —DNESNABREM T RSN ( FBG ) AT SIS EIE \%{ e
{,\iﬁﬁfn RIGEER R N FEHRAESS AR, FBGHE R8s o] LU IR B AV B 75 \ P core
Ko MANES AR MERERS LR , HEBLEUES£2D5 FIG. 1

3DEG. E—NRAIF , SLNEANURB /), ERMEANSEATUE
S4EEE, NTHESLHRIRML , AIEAX X ERESHR
AR T EURAVEE TS - FFIRAERR. WAAGIEEFS - XF AL  EBEX

TOTALLY RE‘LECIING GRATING
= = —\®
346 BE B 1 RIRAI T B LT SCT D \
INCIDENT BEAM %&WBE% 120
< HHFHH T —————HHiH s
\ 10A 108 120
FIRST PART OF THE SECOND PART OF THE

BEAM (TEST PORTION)

FIG. 2

BEAM (TEST PORTION)


https://share-analytics.zhihuiya.com/view/50854321-895f-43c5-9e84-42fa8c2854de
https://worldwide.espacenet.com/patent/search/family/041571871/publication/EP2356412B1?q=EP2356412B1

