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Description

[0001] The present disclosure concerns ultrasound de-
vices for use internally and resolution of problems exist-
ing in rotating mechanical scan ultrasound devices.

CROSS-REFERENCE TO RELATED APPLICATION

BACKGROUND

[0002] A number of ultrasound imaging devices and
systems have been proposed, and in many designs the
problem exists of ensuring that each of the frames of an
image acquired by the ultrasound device are properly
registered with each other. Without such registration,
there is the possibility that variance in mechanical move-
ment of an ultrasound transducer, or inadvertent or pur-
poseful movement of the device, will be unaccounted for
in the image observed by the physician, resulting in un-
desirable changes in orientation or content of images.
[0003] For example, there are proposed devices in
which an ultrasound transducer is turned (e.g. by a motor)
around a longitudinal axis of the device (e.g. U.S. Patent
8,214,010 to Courtney et al.). However, in some cases
over time the positional error (i.e. the difference between
the desired or intended position of the motor’s rotor and
its actual position relative to bodily tissue) can quickly
grow to unacceptable levels. Even small velocity errors
in the motor, when accumulated, can make an image
appear to rotate on an ultrasound viewing screen or con-
sole, giving the impression that the imaging device is
being physically rotated within the body even though it
is stationary.
[0004] To address such a disconcerting or confusing
and false effect, a rotary feedback mechanism may be
used to precisely measure angular position so that each
image frame acquired through ultrasound imaging is reg-
istered (i.e. oriented appropriately) with respect to previ-
ous frames. While a variety of rotary encoders are com-
mercially available, such as hall effect sensors, incre-
mental quadrature encoders, absolute gray encoders
and potentiometers, such off-the-shelf devices are too
bulky and complex to fit into an intravascular or other low
profile device. Wire markers and /or beacons embedded
or placed on the wall of ultrasound catheters are known
in the prior art, see documents US5377685, US5485845
and JP2007000293. They are used for registration of the
ultrasound images, acquired by the ultrasound catheters.
[0005] One solution is to place a wire or other structure
within the acoustic window to use as a signal for regis-
tration. Yet this creates a defect in the acoustic window
which causes intolerable problems with clear imaging
and/or therapeutic applications. Accordingly, until now,
designers were faced with choosing between registration
or a clear viewing window.
[0006] There is thus a need for a registering device or
system that is reduced in bulk and which will not block
or otherwise cause intolerable defects in the acoustic

window.

SUMMARY

[0007] The invention is defined in the independent
claim 1.
[0008] Among other things, there is disclosed an inter-
nal ultrasound device with a rotary feedback system for
registering successive images with one another. In par-
ticular embodiments, an ultrasound device (e.g. an intra-
vascular ultrasound or IVUS device) with a rotary feed-
back system includes a transducer for emitting an ultra-
sound beam, the beam being rotatable around a longi-
tudinal axis, and wherein the transducer is adapted to
emit the beam and to receive reflected ultrasound and
transform the reflected ultrasound into electronic signals,
and an ultrasound control and/or analytical (e.g. imaging)
system electronically connected to the transducer for re-
ceiving the electronic signals from the transducer and for
creating images from the electronic signals. A wall sur-
rounding the transducer has an acoustic impedance (or
ultrasound attenuation) that is different between two or
more sections of the wall. The wall sections thus atten-
uate (e.g. reflects, refracts and/or absorbs) the beam to
different degrees, resulting in electronic signals differing
in at least one characteristic (e.g. amplitude) that is dis-
tinguishable by the control system. The system is adapt-
ed to monitor the electronic signals for one or more dis-
tinguishable characteristics in the electronic signals and
to correlate them to an angular position, e.g. in a succes-
sion of images.
[0009] In particular embodiments, an internal ultra-
sound device with a feedback system includes a trans-
ducer for emitting and/or receiving an ultrasound beam,
the beam adapted to rotate around at least a portion of
the device, wherein the transducer is adapted to send
electronic signals, the electronic signals representing
one or more qualities of ultrasound energy along a path
of the beam. A housing contains the transducer and in-
cludes an acoustically transparent acoustic window. The
acoustic window has conductivity sufficient to carry elec-
trical signals to and from the transducer, and/or a varia-
tion in acoustic impedance and/or acoustic attenuation
sufficient for registration of images obtained by the de-
vice.
[0010] A wall surrounds the transducer, the wall having
a first portion affecting the ultrasound beam in a first fash-
ion (e.g. attenuating the ultrasound beam to a first de-
gree) and a second portion affecting the ultrasound beam
in a second fashion (e.g. attenuating the ultrasound beam
to a second degree which may be different from the first
degree), so that the ultrasound beam as it rotates at least
periodically travels along a path that intersects the first
wall portion (e.g. is along a line that includes or a path
between the first portion and the transducer), and as it
rotates the beam at least periodically travels along a path
that intersects the second wall portion (e.g. a line that
includes or a path between the second portion and the
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transducer). An ultrasound control system is electroni-
cally connected to the transducer for receiving and as-
sessing the electronic signals from the transducer. A first
electronic signal sent by the transducer representing one
or more qualities of ultrasound along a path that inter-
sects the first wall portion (e.g. between the transducer
and the first portion) has at least one characteristic dif-
ferent from a second electronic signal sent by the trans-
ducer representing one or more qualities of ultrasound
along a path that intersects the second wall portion (e.g.
between the transducer and the second portion). The
ultrasound control system is adapted to detect the at least
one characteristic and to register a plurality of the elec-
tronic signals with each other by reference to the at least
one characteristic.
[0011] Specific examples include those in which the
first and second portions of the wall are located so that
the ultrasound beam must travel further before interact-
ing with the first portion than the ultrasound beam must
travel before interacting with the second portion, so that
the first electronic signal is delayed relative to the second
electronic signal, and those in which the first portion of
the wall reflects at least a portion of the ultrasound beam
so that the first electronic signal has an amplitude greater
than the amplitude of the second electronic signal. The
second portion of the wall can include a material with a
relative low acoustic impedance (e.g. low mismatch with
a surrounding or adjacent environment), and the first por-
tion of the wall includes a linear member with a relative
high acoustic impedance (e.g. high mismatch with a sur-
rounding or adjacent environment). In the example of use
in an environment within a blood vessel or adjacent tis-
sues, the second portion of the wall can include a material
with acoustic impedance close to that of water, and the
first portion of the wall (e.g. a linear member) is of or
includes a material with acoustic impedance markedly
higher than water. Such a linear member may be an elec-
tronic conductor, e.g. one connected to the transducer.
Conductors can include a coaxial cable and/or a strip of
metallic material. A linear member may be placed sub-
stantially parallel to an axis of rotation of the ultrasound
beam. According to the invention, i the first portion of the
wall includes a film of metallic material, and the second
portion of the wall does not include the film of metallic
material, so that the ultrasound attenuation of the first
portion of the wall is different from the ultrasound atten-
uation of the second portion of the wall. A particular ex-
ample is one in which there are two of the first portions
and two of the second portions, the second portions being
positioned at diametrically opposed locations. The two
second portions may separate the two first portions into
first and second electrically conductive parts, each of
which is electrically connected to the transducer, so that
the first electrically conductive part conducts signals to
and/or from the transducer and the second electrically
conductive portion is a ground. Suitable metallic materi-
als include at least one of gold, platinum, rhodium, silver,
copper and aluminum, and suitable thicknesses of the

film or layer include approximately 1 nm to 20 mm. As
another example, the wall includes an acoustically trans-
parent material doped with an electrically conductive ma-
terial.
[0012] Embodiments of internal ultrasound devices are
also disclosed that include a transducer for emitting and
receiving an ultrasound beam, the beam adapted to ro-
tate around at least a portion of the device, wherein the
transducer is adapted to send electronic signals, the elec-
tronic signals representing one or more qualities of ultra-
sound energy along a path of the beam, and a wall sur-
rounding the transducer, the wall having an inner surface
generally facing the transducer and an outer surface gen-
erally facing away from the transducer. The inner surface
includes a first film of metallic material forming a first con-
ductor, the first conductor being electronically connected
to the transducer, and wherein the outer surface includes
a second film of metallic material forming a second con-
ductor, the second conductor being electronically con-
nected to the transducer and electronically insulated from
the first conductor. Particular examples have at least a
portion of each of the first film and second film overlap-
ping each other with the wall between them. Other em-
bodiments may have first and second films or coatings
on the same surface that do not overlap, as by sectioning
the inner (or outer) wall or circumference and placing two
coatings electrically insulated from each other on sepa-
rated halves or other sections of the inner (or outer) cir-
cumference, thus having the coatings on the same sur-
face but electrically isolated from one another. The first
film can extend around the entirety of the inner surface’s
internal perimeter, and/or the second film can extend
around the entirety of the outer surface’s external perim-
eter. Specific embodiments use the first conductor as a
signal conductor and/or the second conductor as a
ground. The wall defines an acoustic window through
which the ultrasound beam passes, and at least one of
the first and second conductors may be at least partially
within the acoustic window, and in such cases the portion
of the at least one of the first and second conductors
within the acoustic window permit ultrasound imaging
through them.
[0013] A number of arrangements for turning the ultra-
sound beam with respect to the wall may be used. For
example, the transducer may be directly or indirectly con-
nected to a motor so that the transducer is rotatable in
at least a 360 degree arc to turn the beam. As another
example, the device may include a mirror that turns in at
least a 360 degree path to reflect the beam from the trans-
ducer and the reflected ultrasound to the transducer.
[0014] As further discussed below, embodiments of
encoders that can be used in an ultrasound transducer
assembly (e.g. for use in intravascular ultrasound or
IVUS) are disclosed. The ultrasound attenuation charac-
teristic(s) of the housing or a wall portion for a transducer
assembly are varied between or among at least two por-
tions. As the ultrasound beam is rotated, the beam will
pass through regions with different or varying levels of
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acoustic attenuation. Signals (e.g. RF signals) received
from the transducer (as a result of an ultrasound signal)
are monitored for changes in amplitude or other charac-
teristics which reflects the acoustic attenuation differ-
ence(s) in the wall, and these signals (and the images or
data created or derived from them) are correlated as to
angular position of the beam.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

FIG. 1 is a schematic representation of an embodi-
ment of an internal ultrasound device as further dis-
closed herein.

FIG. 2 is a schematic representation of an embodi-
ment of an internal ultrasound device as further dis-
closed herein.

FIG. 3 is a schematic representation of an embodi-
ment of an ultrasound field produced by the embod-
iment of FIG. 1, viewed on and along a longitudinal
axis.

FIG. 4 is a schematic representation of an embodi-
ment of an ultrasound field produced by the embod-
iment of FIG. 2, viewed on and along a longitudinal
axis.

FIG. 5 is a schematic representation of an embodi-
ment of an internal ultrasound device as further dis-
closed herein.

FIG. 6 is a schematic representation of an embodi-
ment of a portion of an internal ultrasound device as
further disclosed herein.

FIG. 7 is a schematic representation of an embodi-
ment of a portion of an internal ultrasound device
having a wall doped with an electrically conductive
material.

DETAILED DESCRIPTION OF THE ILLUSTRATED EM-
BODIMENTS

[0016] For the purposes of promoting an understand-
ing of the principles of the disclosure, reference will now
be made to the embodiments illustrated in the drawings
and specific language will be used to describe the same.
It will nevertheless be understood that no limitation of the
scope of the claims is thereby intended, such alterations
and further modifications in the illustrated embodiments,
and such further applications of the principles of the dis-
closure as illustrated therein being contemplated as
would normally occur to one skilled in the art to which
the disclosure relates.
[0017] Referring now generally to the drawings, there

are shown embodiments of a device 20 for providing ul-
trasound inside the body. Such devices may be diagnos-
tic or therapeutic (including interventional) in application,
and include devices inserted percutaneously, subcuta-
neously or endoluminally into the patient. Among other
things, this disclosure provides a conductor and an ultra-
sound encoder inside of an acoustic window (e.g. a por-
tion of a catheter wall) without sacrificing image quality.
As used herein, the term "acoustic window" includes an
acoustically transparent (e.g. allowing acoustic energy
to pass sufficient for ultrasound imaging) or obstruction-
free pathway throughout the structure of device 20 be-
tween transducer 28 and organic fluids or tissue which
may be positioned external to device 20 during use. In
other words, the entire acoustic window has sufficiently
low acoustic attenuation to permit ultrasound imaging
and/or has acoustic impedance that substantially match-
es blood or water. The acoustic window is thus free from
unnecessary acoustic attenuation such as artifacts, ob-
structions, or errors.
[0018] Two techniques are presented for registration
and various techniques are presented for conduction.
One registration technique focuses on reflection, specif-
ically by adding one or more markers to a catheter wall
that strongly reflect ultrasound. The marker may be small
so that the reflected ultrasound energy is small and over-
all image quality is not affected. Another technique fo-
cuses on attenuation, by varying the acoustic attenuation
or acoustic impedance of discrete areas or portions of a
catheter wall so that the amplitude of an electrical (e.g.
RF) signal produced by a transducer will be dependent
on the angular position, i.e., the portion of the wall through
which an ultrasound beam and its echoes pass. The
shape of areas with different acoustic attenuation can be
arbitrary, small or large, but in preferred embodiments
are larger than beam width. Examples of such devices
include embodiments designed for intravascular ultra-
sound (IVUS) imaging or treatment of deep vein throm-
bosis (DVT). Various techniques for conduction include
a thin conductive film as well as small linear conductors,
as explained more fully below.
[0019] In the embodiment shown schematically in FIG.
1, device 20 is a flexible elongated member 22 (e.g. a
catheter or other tubular member) having a wall 24 de-
fining an internal chamber 26, with catheter 22 being
sized and configured for insertion into and/or travel along
the vascular system. Within chamber 26 is a transducer
28, which in this embodiment is for emitting an ultrasound
beam and for receiving reflected ultrasound and sending
electronic signals representing the reflected ultrasound.
The illustrated embodiment includes an ultrasound re-
flective mirror 30, which is mounted to a rotary motor 32.
It will be understood that transducer 28 could be con-
nected (directly or indirectly) to motor 32 instead of mirror
30. An imaging system 34 is electronically connected to
transducer 28, for displaying ultrasound images. Other
features may be included in device 22, such as a two-
axis gimbal mount or other pivoting mechanism for trans-
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ducer 28 or mirror 30, to provide a wider or variable ul-
trasound field, and/or a linear motor with a shaft for forc-
ing the mount and/or the transducer 28 to pivot. Examples
are shown in U.S. Provisional Application Nos.
61/713,172 (filed October 12, 2012) and 61/727,680
(filed November 17, 2012) and International Application
No. PCT/US13/ (filed on the same date as the present
application and entitled "Devices and Methods for Three-
Dimensional Internal Ultrasound Usage").
[0020] Catheter 22 in the illustrated embodiment is an
elongated device of plastic or other sturdy flexible mate-
rial that presents a barrier to the passage of ultrasound
signals small enough (i.e. the difference in acoustic im-
pedance at the boundary of the material and the sub-
stances adjacent it) that ultrasound images may be rea-
sonably acquired through the barrier. Wall 24 is a part of
catheter 22 in this embodiment and thus is of the same
ultrasound-transparent material. It surrounds at least part
of chamber 26, which is at the distal end of device 20 in
the illustrated embodiment, and extends proximally. The
proximal end of wall 24 and/or catheter 22 may extend
outside of the patient during use, and may end in a handle
or other operating portion, such as imaging system 34 or
a connection imaging system 34. Particular embodi-
ments of catheter 22 or at least chamber 26 are cylindri-
cal, and are sized for insertion into and passage through
blood vessels, such as insertion into the femoral artery
and passage through it toward the heart. At least a portion
of wall 24 defines an ultrasound field 36 or portion of an
acoustic window through which an ultrasound beam from
transducer 28 exits, and through which reflected ultra-
sound travels to return to transducer 28.
[0021] Wall 24 may have a port 27 or other feature to
allow injection of fluid into chamber 26. To address ultra-
sound reflectivity at the boundary between chamber 26
and blood or other body fluid in which device 20 is placed,
a fluid F is placed in chamber 26 that presents ultrasound-
carrying characteristics that are similar to the fluid outside
of chamber 26. In particular embodiments, fluid F is a
saline solution, so that the ultrasound characteristics
within chamber 26 (saline) are similar to those outside
chamber 26 (blood in a blood vessel). Port 27 allows a
user to inject fluid F into chamber 26 just prior to use of
device 20. Port P can then self-seal, so that little or no
fluid F escapes from chamber 26. One or more seals may
be placed in device 20 to separate fluid F in chamber 26
from motor 32.
[0022] Transducer 28 is indicated schematically in the
drawings. The term "transducer" should be understood
to include an assembly of two or more parts as well as a
single piece. It will further be understood that "transducer"
as used herein includes devices that transmit ultrasound
(i.e. transform an electrical (RF) signal to ultrasound),
receive ultrasound (i.e. transform ultrasound to an elec-
trical (RF) signal), or both. If multiple transducers or piec-
es are provided, transmission of ultrasound may occur
at one and reception at another. Transducer(s) as de-
scribed herein may have one or more piezoelectric ele-

ments as respective transducers, and may operate in
combination with other transducers within or outside the
body.
[0023] An exemplary transducer 28 includes a body or
backing layer 40 with a piezoelectric element 42 attached
to one side of body 40, and one or more clamping rings
44. An impedance matching layer (not shown) may also
be attached to transducer element 42, e.g. opposite body
40. Transducer 28 is positioned at a far (i.e. further distant
from the user) portion of chamber 26 and catheter 22 in
the embodiments of FIGS. 1 and 2, with element 42 facing
longitudinally and proximally as indicated in the drawings.
Mirror 30 includes a surface 46 that reflects an ultrasound
beam laterally (i.e. generally away from the longitudinal
axis of catheter 22) through wall 24 within field 36. In the
embodiment of FIG. 5, transducer 28 is attached to motor
32 so as to provide a generally lateral ultrasound beam
direction. Body 40 may be substantially opaque to or re-
flective of ultrasound signals, so that such signals are
effectively only projected laterally outward from piezoe-
lectric element 42, e.g. to one side or in a limited angular
range radially from transducer 28.
[0024] Rotary motor 32 includes a rotating shaft 70, for
direct or indirect connection to mirror 30 (e.g. FIGS. 1
and 2) or transducer 28 (e.g. FIG. 5) in these embodi-
ments. Rotary motor 32 is a microminiature motor suita-
ble for containment within chamber 26 of catheter 22,
preferably of a size of less than about 2.8 mm in diameter.
Examples of such microminiature motors include piezo-
electric or electromagnetic motors. For example, a par-
ticular embodiment of motor 32 is a two-phase, coreless,
brushless DC electromagnetic motor, which has few
components, small size and minimal complexity. Shaft
70 is hollow in the embodiment of FIG. 1 (i.e. defining a
lumen 72 therethrough) and extends through the entirety
of motor 32 (e.g. a dual shaft motor). Lumen 72 through
shaft 70 permits passage of electronic conductors, (e.g.
wires or cables), pulling or pushing mechanisms, and/or
other features to pass through shaft 70, allowing trans-
mission of electrical and/or mechanical force or energy
through lumen 72 without affecting the turning of shaft 70.
[0025] Rotary motor 32 in the illustrated embodiments
is configured to rotate shaft 70 continuously in a single
rotational direction. In such embodiments, the ultrasound
beam emitted by transducer 28 is rotated around the lon-
gitudinal axis of shaft 70 in that single rotational direction.
It will be understood that rotary motor 32 may alternatively
be configured to run in a reciprocating motion, with shaft
70 switching between rotation in a first rotary direction
(e.g. for a predetermined time or number of turns) and
rotation in a second, opposite, rotary direction (e.g. for a
predetermined time or number of turns). An example of
such a reciprocating device is described in U.S. Provi-
sional Application No. 61/613,135 (filed October 12,
2013) and International Application No. PCT/US13/___
(filed on the same date as the present application and
entitled "Reciprocating Internal Ultrasound Transducer
Assembly"). As seen in the drawings, mirror 30 or trans-
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ducer 28 can be fixedly mounted to shaft 70, which is
along the overall longitudinal axis of device 20. As shaft
or rotor 70 rotates, the ultrasound beam emitted by trans-
ducer 28 rotates at the same speed.
[0026] In the illustrated embodiments, the ultrasound
beam or signals emitted and received by transducer 28
are used as a feedback mechanism to precisely assess
or monitor the rotational position of rotary motor 32 (and
the ultrasound beam rotated by it) relative to the rest of
device 20, ensuring proper registration of images ob-
tained through transducer 28. The illustrated embodi-
ments include at least one feature that attenuates at least
a portion of the ultrasound beam as it leaves catheter 22
at least one discrete location. For example, the embod-
iment shown in FIG. 1 includes a coaxial cable 80 fixed
to the interior of wall 24 (i.e. within chamber 26) and pass-
ing through the ultrasound field 36 (i.e. the area through
which the ultrasound beam from element 42 passes as
the beam turns or sweeps during turning by motor 32).
Cable 80 in a particular example has a first channel or
conductor 82 to power transducer 28, and a second chan-
nel or conductor 84 to conduct signals generated by re-
ception of ultrasound signals by element 42 to imaging
system 34. Cable 80 also serves as a linear marker that
attenuates the ultrasound beam (for example by reflec-
tion) to a greater degree than wall 24 attenuates the ul-
trasound beam. The greater attenuation of cable 80
amidst the much smaller attenuation (e.g. through reflec-
tion, refraction, scattering or absorption) of wall 24
presents a varied attenuation condition for wall 24, in
which ultrasound (emitted beam or reflected echoes) rel-
atively easily moves through or across wall 24 except
where cable 80 lies. Thus, an ultrasound signal produced
at the discrete location of cable 80 within the acoustic
window or field 36 is substantially different from those
produced at other locations within field 36, which results
in a substantially different RF signal produced by trans-
ducer 28 for sending to a viewer. For example, the RF
signal relating to the discrete location of cable 80 may
have a much larger amplitude, indicating substantial re-
flection from that location, than is otherwise produced by
transducer 28 relative to other locations on wall 24. As
another example, the RF signal relating to that discrete
location may have a much smaller amplitude (or close to
zero) than other signals, indicating blockage of ultra-
sound approaching transducer 28 by cable 80. In some
embodiments, the reflection, blockage or other attenua-
tion due to cable 80 may extend to an angle B (see FIG.
3), which may be about 15 degrees of arc in ultrasound
field 36 (1/24 of the image area).
[0027] In the illustrated embodiment, cable 80 is par-
allel to the longitudinal axis A of device 20 through the
entirety of ultrasound field 36. As the ultrasound beam
proceeds around the circumference of wall 24, it will be
attenuated substantially uniformly by wall 24--for in-
stance, wall 24 will pass all or a substantially uniform
fraction of the ultrasound energy in the beam. When the
ultrasound beam encounters cable 80, cable 80 blocks

some or all of the beam directed at it. The reflected ul-
trasound at that discrete location (e.g. region B in FIG.
3) will produce an RF signal (representing echo(es) re-
ceived by transducer 28) markedly different from the re-
gions of the ultrasound field without cable 80. For exam-
ple, the RF signal produced from emissions directed to-
ward or received from the direction of cable 80 may be
substantially more powerful (e.g. a greater intensity) than
that received at other locations along wall 24, indicative
of essentially entire reflection of the ultrasound beam by
cable 80. As another example, the RF signal may be or
approach zero because cable 80 scatters the ultrasound
beam, and no return ultrasound echo can approach
transducer 28 through cable 80. When the distinctive sig-
nal is encountered by imaging system 34 (e.g. viewing
software and apparatus), imaging system 34 observes
that distinctive signal and determines that the beam is
pointed toward cable 80. Accordingly, the position of the
ultrasound beam with respect to cable 80 on wall 24,
other static portions of device 20, and/or tissue or marker
within the body is known with precision. Image frames
(e.g. successive frames) are registered by imaging sys-
tem 34 using the distinctive signal characteristic provided
by cable 80 as a marker or indicator of the static position
of cable 80, so that successive images are displayed in
the same position and/or orientation for viewing by the
physician or other operator.
[0028] Cable 80 is shown in this embodiment to be
inside chamber 26, on an interior surface of wall 24. It
will be understood that cable 80 could be arranged on
the outside of device 20 along wall 24, but an arrange-
ment in which cable 80 is within chamber 26 does not
increase the outside diameter of device 20 or provide it
with an irregular outer surface, which may be disadvan-
tageous in the realm of intravascular usage. In other em-
bodiments, cable 80 is placed within wall 24, i.e. between
its inner and outer diameters among the matter of wall
24. For example, cable 80 may be placed in forming wall
24 initially, or between layers of material in wall 24. Such
an arrangement does not enlarge or present an odd outer
configuration, and maintains a maximum of space within
chamber 26 for the operating components. Further, if ca-
ble 80 is not needed for transfer of electrical signals to
or from transducer 28, a metallic strip or layer may be
placed in wall 24 or on a surface thereof to provide the
attenuation noted above. Such a strip or layer provides
an even lower profile for the device.
[0029] It will be appreciated that a variety of materials
or features that create the varied-attenuation wall 24, as
by partially or fully blocking ultrasound to an extent dif-
ferent than any blockage provided by the rest of wall 24,
can be used as an encoder or registration tool. For ex-
ample, in the embodiment shown in FIG. 2, two sections
90, 92 of a thin metal film, coating or layer are placed on
wall 24. The particular embodiment shown has sections
90, 92 on the interior of wall 24 (i.e. facing or adjoining
chamber 26), although it will be understood that such
sections 90, 92 may be placed on the outside of wall 24

9 10 



EP 2 906 124 B1

7

5

10

15

20

25

30

35

40

45

50

55

or within wall 24, i.e. between its inner and outer diame-
ters. In the embodiment of FIG. 3, the film is deposited
on the inside of wall 24 using techniques such as sput-
tering or electro-plating, and in other embodiments may
be placed outside (on the outer surface of) wall 24. In
particular embodiments, only one side of the wall 24 por-
tion within the acoustic window (e.g. the inside or the
outside) is coated with the thin film to minimize acoustic
attenuation. The illustrated embodiment shows two sec-
tions 90, 92 separated by two open or uncovered portions
94, 96. Portions 94, 96 are diametrically opposed to each
other and subtend substantially the same arc in this em-
bodiment. It will be understood that a single open portion
or more than two such open portions may be provided.
[0030] It will be understood that a number of substanc-
es providing conduction and/or a difference in ultrasound
attenuation may be used for a film or layer in sections
90, 92. Metals (e.g. aluminum) have been used for elec-
trical conductivity, and particular embodiments of a thin
conductive layer for sections 90, 92 of gold, platinum, or
rhodium may be used for their biocompatibility, high con-
ductivity and resistance to oxidation. Using efficient con-
ductors of electricity for the film in sections 90, 92 permits
use of those sections 90, 92 to conduct electrical signals
through the ultrasound field as well as providing a differ-
ence in ultrasound attenuation in field 36 in the varied-
attenuation wall 24 of device 20. Such a thin conductive
film has high electrical conductivity as well as allowing
acoustic transmission, allowing an acoustic window hav-
ing such a film to conduct signals across or through the
acoustic window (i.e. along the longitudinal axis) while
obtaining a viewable image behind the conductor. In par-
ticular embodiments, the layers or coatings are between
about 0.1 mm and 20 mm in thickness, such as approxi-
mately 2 mm thick. The sections cover more than half of
the acoustic window in certain embodiments, and a par-
ticular example (e.g. FIG. 4) each section 90, 92 covers
about 150 degrees of the acoustic window, with uncoated
areas between them each covering about 30 degrees
and diametrically opposed to each other. In other em-
bodiments, the respective arcs subtended by sections
90, 92 may be up to about 160, up to about 170 or up to
about 175 degrees. It will also be understood that in other
embodiments the arcuate extent of sections 90, 92
(and/or the spaces between them) may be unequal. The
uncoated areas present a very slight perturbance in the
acoustic signal which can be used for registration.
[0031] Such thicknesses have been tested and found
to operate as desired. Thicker layers may be usable, but
will increase acoustic reflection (and therefore a reduc-
tion in the acoustic energy passed through wall 24 in both
exit and return) and reduce loss of electrical signal, and
vice-versa. Both such losses degrade image quality and
should accordingly be minimized. Acoustic reflectivity
(and therefore acoustic loss in the device 20) is related
to the impedance mismatch between the film and the
surrounding materials (e.g. water or blood), film thick-
ness, and ultrasonic wave frequency. From testing, it has

been found that a 16 mm thick aluminum film results in
an acoustic loss of less than 4 dB in a round trip, i.e. a
pulse echo from transducer 28 outward and back, twice
through the film(s) within the acoustic window. It is ex-
pected that a thin gold film will cause less than 5 dB of
ultrasound attenuation during such a round trip.
[0032] Embodiments using a thin metallic layer or coat-
ing as noted above provide the advantage of imaging in
a complete 360 degree area, while still permitting regis-
tration of images. As seen schematically in FIGS. 3-4,
embodiments using a cable or other elongated side ul-
trasound-reflective (e.g. having a high acoustic imped-
ance) piece are compared to those using a thin film as
acoustic attenuator. In FIG. 3, the ultrasound beam turns
around an axis perpendicular to (out of) the page, with
cable 80 statically placed to one side on wall 24. Outer
circle 100 represents an area (e.g. tissue such as a blood
vessel) to be imaged, showing an interior in which the
ultrasound beam travels. As the beam turns, each revo-
lution passes cable 80, which generates an unvisualiza-
ble, less-visualizable wedge area 102, perturbance, or
area having different attenuation behind cable 80. As in-
dicated above, that area 102 may be an area of about
15 degrees of arc or less. The remainder of the tissue or
area is easily imaged, and the wedge area 102 remains
static and is used to register images with one another,
as discussed above.
[0033] In FIG. 4, the beam likewise turns around an
axis out of the page, and has two sections 90, 92 of thin
metallic layer along wall 24. The layer, as discussed pre-
viously, allows acoustic transmission but to a lesser de-
gree than the open spaces 94, 96 between sections 90,
92. Again, outer circle 100 in FIG. 4 represents area (e.g.
a vessel portion) to be imaged. As the beam turns, it
passes through sections 90, 92 with some attenuation,
but with sufficient acoustic energy moving through sec-
tions 90, 92 to image the desired area. Open spaces 94,
96 provide a stronger acoustic signal return to transducer
28, which is used for registration of images. The coated
or layered sections 90, 92 reduce the image quality slight-
ly and limits the total imaging depth over a larger arc, but
allow imaging over the whole ultrasound field 36 or
acoustic window, while the cable 80 prevents or limits
visualization in an angle behind it but does not affect vis-
ualization in other parts of the field 36.
[0034] In the example in which two sections 90, 92 are
coated with the thin layer, with an uncoated area sepa-
rating the sections, the sections can have separate elec-
trical functions. For example, one section 90 can carry
electronic (RF) signals to and from transducer 28, to pow-
er transducer 28 to emit an ultrasound beam and to carry
the signal from transducer 28 representing the reflection
of the ultrasound beam, for generating the image of the
tissue. The other section 92 can function as a ground.
Thus, the uncoated areas 94, 96 function both for regis-
tration of the images, since they allow through a different
strength of signal from that allowed through sections 90,
92, and for the electrical insulation of the sections 90, 92
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from each other.
[0035] It will also be understood that thin films or layers
of metallic or other conductive materials may be used as
conductors for transducer 28 or for other uses in other
ways. Referring generally to FIG. 5, there is shown an
embodiment of an internal ultrasound device 120 having
a flexible elongated member 22 (e.g. a catheter or other
tubular member) with a wall 24 defining an internal cham-
ber 26, with catheter 22 being sized and configured for
insertion into and/or travel along the vascular system.
Within chamber 26 is a transducer 28, which in this em-
bodiment is for emitting an ultrasound beam and for re-
ceiving reflected ultrasound and sending electronic sig-
nals representing the reflected ultrasound. An acoustic
window or field 36 for the ultrasound beam is indicated.
Member 22, wall 24, chamber 26, transducer 28 and field
36 are all similar or identical to embodiments described
above.
[0036] Wall 24 includes an inner surface 131 generally
facing transducer 28 (e.g. inward toward the longitudinal
axis of device 120) and an outer surface 133 generally
facing away from transducer 28. Inner surface 131 will
thus generally define at least a portion of chamber 26.
On at least a portion of inner surface 131, there is a film
or thin layer 190 of metallic material, as for example one
or more of the materials noted above with respect to sec-
tions 90, 92. In the illustrated embodiment, film 190 ex-
tends all the way around the perimeter (in this case, a
circumference) of inner surface 131, and is within a part
of field 36 or the acoustic window. In other embodiments,
film 190 may extend less than all the way around the
perimeter. Further, other embodiments may include a film
190 having a length along the longitudinal axis of device
120 that encompasses all of field 36, or that is not within
field 36 at all. Similarly, at least a portion of outer surface
133 includes a film or thin layer 192 of metallic material.
In the illustrated embodiment, film 192 extends all the
way around the perimeter (in this case, a circumference)
of outer surface 133, and is within a part of field 36. In
other embodiments, film 192 may extend less than all
the way around the perimeter. Further, other embodi-
ments may include a film 192 having a length along the
longitudinal axis of device 120 that encompasses all of
field 36, or that is not within field 36 at all. The illustrated
embodiment shows films 190, 192 overlapping each oth-
er, i.e. a diameter of device 20 intersects each film 190,
192, while they are separated by wall 24. It will be un-
derstood that other embodiments may have first and sec-
ond films or coatings (e.g. films 190, 192) on the same
surface (e.g. one of surfaces 131 and 133) that do not
overlap. For example, two coatings 190, 192 can be
placed, electrically insulated from each other (e.g. by a
non-conductive space), on separate halves, opposed ar-
eas, on the same side of field 36 (e.g. each or both cov-
ering a part of the perimeter of field 36), or other sections
of the inner surface 131 or of the outer surface 133, thus
having the coatings on the same surface but electrically
isolated from one another.

[0037] Another embodiment of placement of films 190,
192 is shown schematically in FIG. 6, in which film 190
is on an inner surface 131 in one area of field 36, and
film 192 is on an outer surface 133 in another area of
field 36. The illustration shows that films 190 and 192
extend about separate arcs of about 180 degrees, so that
they do not overlap. It will be understood that films 190,
192 may each cover a smaller arc, may each cover dif-
ferent arcs from each other, and may be opposite each
other or otherwise placed. Such an embodiment provides
an effect on an ultrasound beam that is different in the
area covered by film 190 compared to that covered by
film 192, at least because of the differing travel distance
for the ultrasound beam to move from a transducer or
reflector to the respective films 190, 192. Thus, the ultra-
sound beam that travels along a path intersecting film
192 travels a longer distance (and takes a longer time)
before encountering film 192 compared to the distance
and time for the ultrasound beam that travels along a
path intersecting film 190. Other effects on the ultrasound
beam by films 190, 192 or other pieces (as noted herein)
may also be present.
[0038] Films 190, 192 form separate electronic con-
ductors that are insulated from each other, as by the ma-
terial of wall 24 in the illustrated embodiment. Each of
films 190, 192 are separately electronically connected to
transducer 28 in this embodiment, so that one film acts
as a signal conductor and the other as a ground. In the
example of FIG. 5, the outer film 192 is the ground, and
inner film 190 is the signal conductor. Films 190, 192 may
be of the same materials and prepared in substantially
the same or identical ways as sections 90, 92 noted
above. When of a thickness as noted above, films 190,
192 permit ultrasound imaging through them, even
though there may be attenuation (as by reflection, refrac-
tion or absorption). It will be understood that films 190,
192 as conductors may be used with or without the feed-
back or registration characteristics discussed above with
respect to sections 90, 92. For example, in embodiments
in which both films 190, 192 extend around their respec-
tive perimeters and extend along most or all of field 36,
the attenuation due to films 190, 192 will be substantially
constant within field 36, so that electronic signals sent
by the transducer will not have an amplitude or other
difference that permit registration or alignment of signals
or images.
[0039] In some embodiments, the acoustic window can
include a mixture of an acoustically transparent material
doped with a conductive material. As an example (shown
in FIG. 7), wall 24 is constructed of an acoustically trans-
parent material doped with an electrically conductive ma-
terial. In some examples, an alloy is used. The amount
of alloy added should sufficiently reduce the resistivity of
the layer (e.g. < 25 ohms is preferable, or 1/10 or less
than the order of impedance of the transducer). In the
FIG. 7 embodiment, insulative barriers 196 are posi-
tioned within wall 24 to create and electrically isolate two
signal channels from each one another.
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[0040] Other embodiments of conductors can include
a film having carbon nanotubes which prove effective at
carrying an electric signal, but which are small enough
to present slight or no attenuation difference in the acous-
tic window. A one-molecule graphene layer presents no
acoustic properties but is also effective at carrying an
electric signal. An aluminum layer including ion deposits
can be used. In some embodiments a dual layer design
includes an isolated coating on an outside surface of wall
24 and a second isolated coating on an inside surface of
wall 24.
[0041] While the embodiments have been illustrated
and described in detail in the drawings and foregoing
description, the same is to be considered as illustrative
and not restrictive in character, it being understood that
only particular embodiments have been shown and de-
scribed and that all changes and modifications that come
within the scope of the disclosure are desired to be pro-
tected. Examples of other features or embodiments use-
ful in connection with the particular embodiments dis-
cussed above are found in International Application No.
PCT/US13/064618 (filed on the same date as the present
application and entitled "Mechanical Scanning Ultra-
sound Transducer with Micromotor"). It will be under-
stood that features or attributes noted with respect to one
or more specific embodiments may be used or incorpo-
rated into other embodiments of the structures and meth-
ods disclosed, as far as they fall under the scope of the
appended claims.

Claims

1. An ultrasound device for internal use (20), compris-
ing:

a transducer (28) for emitting and receiving an
ultrasound beam, the beam adapted to rotate
around at least a portion of the device;
a housing containing the transducer and the
housing comprising a wall (24) surrounding the
transducer, the wall having an inner surface gen-
erally facing the transducer and an outer surface
generally facing away from the transducer, the
wall defining an acoustically transparent acous-
tic window;
wherein at least part of the ultrasound beam
passes through the wall wherein the wall has a
first portion with a thin metal film placed on the
interior of the wall the thin metal film having high
electrical conductivity and allowing transmission
of an ultrasound beam and a second portion,
wherein the thin metal film is used as conductor
for the transducer and further wherein the first
portion affects the ultrasound beam in a first
fashion and the second portion affects the ultra-
sound beam in a second fashion and wherein
the ultrasound beam as it rotates at least peri-

odically travels along a path between the first
portion and the transducer and wherein the ul-
trasound beam as it rotates at least periodically
travels along a path between the second portion
and the transducer, so that the ultrasound atten-
uation of the ultrasound beam travelling through
the first portion of the wall is different from the
ultrasound attenuation of ultrasound beam trav-
elling through the second portion of the wall; and
an ultrasound control system electronically con-
nected to the transducer for receiving and as-
sessing electronic signals from the transducer,
the electronic signals representing one or more
qualities of ultrasound energy that has traveled
along the path of the beam,
wherein a first electronic signal received by the
transducer represents an ultrasound beam trav-
elling through the first portion of the wall and the
thin metal film and a second electronic signal
received by the transducer represents an ultra-
sound beam travelling through the second por-
tion of the wall,
wherein the ultrasound control system is adapt-
ed to detect the difference between the first and
second signals and to register a plurality of the
electronic signals with each other by reference
to the difference.

2. The device of claim 1, comprising two of the first
portions and two of the second portions, the second
portions being positioned at diametrically opposed
locations.

3. The device of claim 2, wherein the two second por-
tions separate the two first portions into first and sec-
ond electrically conductive parts, each of which is
electrically connected to the transducer, so that the
first electrically conductive part conducts signals to
and/or from the transducer and the second electri-
cally conductive portion is a ground.

4. The device of claim 1, further comprising:
a first film (90) of conductive material in the acoustic
window forming a first conductor, the first conductor
being electronically connected to the transducer,
and a second film (92) of conductive material in the
acoustic window forming a second conductor, the
second conductor being electronically connected to
the transducer and electronically insulated from the
first conductor.

5. The device of claim 4, wherein at least a portion of
each of the first film and second film overlap each
other with the wall between them.

6. The device of claim 4, wherein the first conductor is
a signal conductor.
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7. The device of claim 4, wherein the second conductor
is a ground.

8. The device of claim 4, wherein both the first and sec-
ond film are on the inner surface of the wall.

9. The device of claim 4, wherein one of the first and
second film is on the inner surface of the wall, and
the other film is on the outer surface of the wall.

Patentansprüche

1. Ultraschallvorrichtung für den internen Gebrauch
(20), aufweisend:

einen Wandler (28) zum Senden und Empfan-
gen eines Ultraschallstrahls, wobei der Strahl
so angepasst ist, dass er um mindestens einen
Teil der Vorrichtung rotiert;
ein den Wandler enthaltendes Gehäuse und das
Gehäuse weist eine den Wandler umgebene
Wand (24) auf, wobei die Wand eine innere
Oberfläche hat, die im allgemeinen dem Wand-
ler zugewandt ist und eine äußere Oberfläche,
die im allgemeinen von dem Wandler abge-
wandt ist, wobei die Wand ein akustisch trans-
parentes akustisches Fenster definiert;
wobei zumindest ein Teil des Ultraschallstrahls
durch die Wand durchgeht, wobei die Wand ei-
nen ersten Teil mit einem dünnen Metallfilm auf-
weist, der auf der Innenseite der Wand platziert
ist, wobei der dünne Metallfilm eine hohe elek-
trische Leitfähigkeit aufweist und die Übertra-
gung eines Ultraschallstrahls gestattet, und ei-
nen zweiten Teil, wobei der dünne Metallfilm als
Leiter für den Wandler verwendet wird, und wei-
terhin, wobei der erste Teil den Ultraschallstrahl
in einer ersten Weise beeinflusst und der zweite
Teil den Ultraschallstrahl in einer zweiten Weise
beeinflusst, und wobei sich der Ultraschallstrahl,
wenn er rotiert, zumindest periodisch entlang ei-
nes Pfads zwischen dem ersten Teil und dem
Wandler bewegt, und wobei sich der Ultraschall-
strahl, wenn er rotiert, zumindest periodisch ent-
lang eines Pfads zwischen dem zweiten Teil und
dem Wandler bewegt, so dass die Ultraschall-
Abschwächung des durch den ersten Teil der
Wand laufenden Ultraschallstrahls unterschied-
lich ist zu der Ultraschall-Abschwächung des
durch den zweiten Teil der Wand laufenden Ul-
traschallstrahls; und
ein Ultraschallsteuersystem, das elektronisch
mit dem Wandler verbunden ist, um elektroni-
sche Signale vom Wandler zu empfangen und
zu bewerten, wobei die elektronischen Signale
eine oder mehrere Qualitäten von Ultraschalle-
nergie darstellen, die sich entlang des Strahlen-

gangs bewegt hat,
wobei ein erstes elektronisches Signal, welches
von dem Wandler empfangen wurde, einen Ul-
traschallstrahl repräsentiert, der durch den ers-
ten Teil der Wand und den dünnen Metallfilm
läuft, und ein zweites elektronisches Signal, wel-
ches von dem Wandler empfangen wurde, ei-
nen Ultraschallstrahl repräsentiert, der durch
den zweiten Teil der Wand läuft,
wobei das Ultraschallsteuersystem ausgebildet
ist, um die Differenz zwischen den ersten und
zweiten Signalen zu detektieren und um eine
Vielzahl der elektronischen Signale miteinander
durch Referenz zu der Differenz zu registrieren.

2. Vorrichtung nach Anspruch 1, aufweisend zwei der
ersten Teile und zwei der zweiten Teile, wobei die
zweiten Teile an diametral gegenüberliegenden
Stellen positioniert sind.

3. Vorrichtung nach Anspruch 2, wobei die zwei zwei-
ten Teile die zwei ersten Teile in erste und zweite
elektrisch leitende Teile trennen, von denen jeder
elektrisch mit dem Wandler verbunden ist, so dass
der erste elektrisch leitende Teil Signale zu und/oder
von dem Wandler leitet und der zweite elektrisch lei-
tende Teil eine Masse ist

4. Vorrichtung nach Anspruch 1, weiterhin aufweisend:
einen ersten Film (90) aus leitendem Material in dem
akustischen Fenster, der einen ersten Leiter bildet,
wobei der erste Leiter elektronisch mit dem Wandler
verbunden ist, und einen zweiten Film (92) aus lei-
tendem Material in dem akustischen Fenster, der ei-
nen zweiten Leiter bildet, wobei der zweite Leiter
elektronisch mit dem Wandler verbunden und vom
ersten Leiter elektronisch isoliert ist.

5. Vorrichtung nach Anspruch 4, wobei sich mindes-
tens ein Teil jeweils des ersten Films und des zweiten
Films mit der Wand zwischen ihnen überlappen.

6. Vorrichtung nach Anspruch 4, wobei der erste Leiter
ein Signalleiter ist.

7. Vorrichtung nach Anspruch 4, wobei der zweite Lei-
ter eine Masse ist.

8. Vorrichtung nach Anspruch 4, wobei sich sowohl der
erste als auch der zweite Film auf der Innenfläche
der Wand befinden.

9. Vorrichtung nach Anspruch 4, wobei sich einer des
ersten und zweiten Films auf der Innenfläche der
Wand befindet, und der andere Film sich auf der Au-
ßenfläche der Wand befindet.
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Revendications

1. Dispositif ultrasonore pour une utilisation interne
(20), comprenant :

un transducteur (28) pour émettre et recevoir un
faisceau ultrasonore, le faisceau étant conçu
pour tourner autour d’au moins une partie du
dispositif ;
un boîtier contenant le transducteur et le boîtier
comprenant une paroi (24) entourant le trans-
ducteur, la paroi ayant une surface interne tour-
née de manière générale vers le transducteur
et une surface externe tournée de manière gé-
nérale à l’opposé du transducteur, la paroi défi-
nissant une fenêtre acoustique transparente de
manière acoustique ;
dans lequel au moins une partie du faisceau ul-
trasonore traverse la paroi, dans lequel la paroi
possède une première partie avec un film mé-
tallique mince placé à l’intérieur de la paroi, le
film métallique mince ayant une conductivité
électrique élevée et permettant une transmis-
sion d’un faisceau ultrasonore, et une seconde
partie, dans lequel le film métallique mince est
utilisé en tant que conducteur pour le transduc-
teur et en outre dans lequel la première partie
affecte le faisceau ultrasonore d’une première
façon et la seconde partie affecte le faisceau
ultrasonore d’une seconde façon, et dans lequel
le faisceau ultrasonore lorsqu’il tourne au moins
périodiquement se déplace le long d’un trajet
entre la première partie et le transducteur et
dans lequel le faisceau ultrasonore lorsqu’il tour-
ne au moins périodiquement se déplace le long
d’un trajet entre la seconde partie et le transduc-
teur, de telle sorte que l’atténuation ultrasonore
du faisceau ultrasonore se déplaçant à travers
la première partie de la paroi est différente de
l’atténuation ultrasonore du faisceau ultrasono-
re se déplaçant à travers la seconde partie de
la paroi ; et
un système de commande ultrasonore relié
électroniquement au transducteur pour recevoir
et évaluer des signaux électroniques provenant
du transducteur, les signaux électroniques re-
présentant une ou plusieurs qualités d’énergie
ultrasonore qui s’est déplacée le long du trajet
du faisceau,
dans lequel un premier signal électronique reçu
par le transducteur représente un faisceau ul-
trasonore se déplaçant à travers la première
partie de la paroi et le film métallique mince, et
un second signal électronique reçu par le trans-
ducteur représente un faisceau ultrasonore se
déplaçant à travers la seconde partie de la paroi,
dans lequel le système de commande ultraso-
nore est conçu pour détecter la différence entre

les premier et second signaux et pour enregis-
trer une pluralité des signaux électroniques les
uns avec les autres par référence à la différence.

2. Dispositif selon la revendication 1, comprenant deux
des premières parties et deux des secondes parties,
les secondes parties étant positionnées à des em-
placement diamétralement opposés.

3. Dispositif selon la revendication 2, dans lequel les
deux secondes parties séparent les deux premières
parties en des première et seconde parties électri-
quement conductrices, chacun d’elles étant reliée
électriquement au transducteur, de telle sorte que la
première partie électriquement conductrice conduit
des signaux vers et/ou depuis le transducteur et la
seconde partie électriquement conductrice est une
masse.

4. Dispositif selon la revendication 1, comprenant en
outre :
un premier film (90) de matériau conducteur dans la
fenêtre acoustique formant un premier conducteur,
le premier conducteur étant relié électroniquement
au transducteur, et un second film (92) de matériau
conducteur dans la fenêtre acoustique formant un
second conducteur, le second conducteur étant relié
électroniquement au transducteur et isolé électroni-
quement du premier conducteur.

5. Dispositif selon la revendication 4, dans lequel au
moins une partie du premier film et au moins une
partie du second film se chevauchent avec la paroi
entre celles-ci.

6. Dispositif selon la revendication 4, dans lequel le pre-
mier conducteur est un conducteur de signal.

7. Dispositif selon la revendication 4, dans lequel le se-
cond conducteur est une masse.

8. Dispositif selon la revendication 4, dans lequel à la
fois le premier et le second film sont sur la surface
interne de la paroi.

9. Dispositif selon la revendication 4, dans lequel l’un
du premier et du second film est sur la surface interne
de la paroi, et l’autre film est sur la surface externe
de la paroi.
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