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(54) INTERFACE DEVICES, SYSTEMS AND METHODS FOR MULTIMODAL PROBES

(57) In one aspect, the invention relates to one or
more rotatable elements and one or more stationary el-
ement such that the elements are arranged along a com-
mon axis of rotation co-linear with or substantially parallel
to an optical path. The optical path is a portion of a sample
arm of an interferometer. Further, the rotatable and sta-
tionary elements are configured to couple electrical sig-
nals and optical signals between a data collection probe

and an interface unit or other component of an imaging
system. In one embodiment, the data collection probe is
a combination ultrasound and OCT probe. In one aspect,
the invention relates to a rotary joint in which the optical
fiber and fiber optic rotary joint lie in the center of one or
more conductive elements of an electrical rotary joint
which are annularly disposed around one or both of the
optical fiber and optical rotary joint.
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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to and the benefit
of United States Patent Provisional Patent Application
No. 61/727,997, filed on November 19, 2012, United
States Provisional Patent Application 61/728,006, filed
on November 19, 2012, and United States Patent Appli-
cation entitled "Multimodal Imaging Systems, Probes,
and Methods" and having Attorney Docket No. LLI-036
filed on February 4, 2013, the entire disclosures of each
of which are herein incorporated by reference.

FIELD OF THE INVENTION

[0002] The invention relates generally to the field of
intravascular ultrasound (IVUS) and optical coherence
tomography (OCT), and more specifically to OCT and
IVUS combination data collection probes and related in-
terface units for such probes.

BACKGROUND

[0003] Coronary artery disease is one of the leading
causes of death worldwide. The ability to better diagnose,
monitor, and treat coronary artery diseases can be of life
saving importance. Optical coherence tomography
(OCT) is a catheter-based imaging modality that uses
light to penetrate a sample such as blood vessel walls
and generate images of the same. These images are
valuable for the study of the vascular wall architecture
and blood vessel geometry. Intravascular ultrasound
(IVUS) is another imaging technology that can be used
to image a blood vessel. The images generated using
OCT are of a higher resolution and more clearly depict
structures such as plaques and stent struts as well as
other objects and characteristics of interest when imag-
ing a blood vessel.
[0004] Conversely, IVUS has a better penetration
depth relative to OCT. IVUS can typically penetrate tis-
sue, such as a vessel wall, within the range of about 4
mm to about 8 mm. Unfortunately, IVUS images are typ-
ically of a lower resolution, which can make interpreting
them more challenging. OCT has a shorter penetration
depth and can typically penetrate tissue, such as a vessel
wall, within the range of about 2 mm to about 3 mm. Given
the respective advantages of OCT and IVUS in terms of
imaging depth and otherwise, a need exists to develop
systems that integrate these two imaging modalities such
that their respective advantages may be combined with-
out their associated disadvantages.
[0005] The present invention addresses these needs
and others.

SUMMARY OF INVENTION

[0006] In one aspect, the invention relates to a patient

interface unit or device (PIU) configured to interface with
a data collection probe. In one embodiment, the data
collection probe includes a probe tip configured to collect
optical data and ultrasound data with respect to a sample
such as a blood vessel. The data collection probe is dis-
posable in one embodiment. The PIU is configured to
relay optically collected data (in an optical format or a
converted format) and electrically collected ultrasound
data to one or more receivers. One or more of the rotat-
able components of the PIU are configured to rotate an
optical fiber and the probe tip. In one embodiment, the
probe tip includes a beam director and an acoustic wave
generator such as a transducer.
[0007] In one embodiment, the PIU includes a connec-
tor and a sacrificial connector joint. In one embodiment,
the connector includes a counterbalance sized to match
the mass of an electrical contact or connection disposed
opposite the connector. The counterbalance and the
electrical contact are disposed inside the connector in
one embodiment. The sacrificial connector joint is con-
figured to permit replacing an electrical connection to the
PIU without electrically rewiring the PIU or replacing an
optical fiber disposed in the PIU.
[0008] In one aspect, the invention relates to an inter-
face device. The interface device includes a cover; an
aperture defined by the cover; a stationary section of a
sample arm of an interferometer disposed within the cov-
er and comprising a stationary optical fiber section having
an endface; a first rotatable connector defining a first
hole, the first hole positioned in alignment relative to the
aperture and disposed within the cover; a sacrificial con-
nector; a second rotatable connector defining a second
hole, the first second positioned in alignment relative to
the aperture, wherein the first rotatable connector and
the second rotatable connector sandwich the sacrificial
connector and; a first motor disposed within the cover,
the first motor configure to rotate the second rotatable
connector.
[0009] In one embodiment, the first rotatable connector
includes a first half and a second half, wherein the first
half comprises an electrical contact, wherein the second
half comprises a counterbalance. The interface device
can further include an electrical signal coupling subsys-
tem comprising a rotatable transformer component and
a stationary transformer component. In one embodiment,
the interface device includes an optical signal coupling
subsystem which includes a rotatable optical component
and a stationary optical component. The interface device
can further include an optical connector disposed within
the rotatable optical connector. The interface device can
further include an elongate probe connector comprising
one or more posts extending therefrom. The interface
device can further include a rotatable section of a sample
arm of an interferometer aligned with the aperture.
[0010] In part, one aspect of the invention relates gen-
erally to a coupler for coupling electrical and optical lines
of a combination IVUS and OCT probe to a patient inter-
face device. In one aspect, the invention relates to one

1 2 



EP 4 316 382 A2

3

5

10

15

20

25

30

35

40

45

50

55

or more rotatable elements and one or more stationary
element such that the elements are arranged along a
common axis of rotation co-linear with or substantially
parallel to an optical path. The optical path is a portion
of a sample arm of an interferometer. Further, the rotat-
able and stationary elements are configured to couple
electrical signals and optical signals between a data col-
lection probe and an interface unit or other component
of an imaging system. In one embodiment, the data col-
lection probe is a combination ultrasound and OCT
probe. In one aspect, the invention relates to a rotary
joint in which the optical fiber and a fiber optic rotary joint
lie in the center of one or more conductive elements of
an electrical rotary joint which are annularly disposed
around one or both of the optical fiber and optical rotary
joint.
[0011] In one aspect, the invention relates to a combi-
nation rotary joint in which the optical fiber and fiber optic
rotary joint lies in the center of the combination rotary
joint and the electrical wires and the electrical rotary joint
are annularly disposed around the fiber/fiber optic rotary
joint. In one embodiment, the electrical wires are dis-
posed in one or more coils. In one embodiment, a first
coil and a second coil are used. The number of turns in
the first coil and the second coil are specified by a ratio
of C1: C2 to each other. In one embodiment, C1: C2 is
about 1 : about 1. In another embodiment, C1 : C2 is
about 2: about 1. In another embodiment the ratio of C1 :
C2 is about 4 : about 1. In another embodiment the ratio
of C1 : C2 ranges from greater than or equal to about 1
to about 10. In one embodiment, the ratio C1 : C2 is se-
lected to adjust for impedance mismatch. In one embod-
iment, the ratio C1 : C2 is selected to increase the signal
amplitude of voltage resulting from the reflection of the
ultrasound signal from tissue.
[0012] In one aspect, the invention relates to a cathe-
ter-based data collection probe that includes one or more
sheaths. An optical fiber is slidably disposed in one such
sheath and is helically wrapped with electrical conduc-
tors. The electrical conductors can be disposed within or
encased by a torque wire.
[0013] In one aspect, the invention relates to a combi-
nation catheter pullback section which includes a plurality
of subsections or components. In one embodiment, such
a subsection or component can include one or more of
a flexible catheter body, a transition catheter purge sec-
tion, a breakaway joint such a torque limiter, a rigid un-
supported pullback section, and an imaging core con-
nector.
[0014] In one aspect, the invention relates to a con-
nection system configured to connect and release a data
collection probe to an interface device such as a patient
interface unit or PIU. In one embodiment, the connection
system includes a connector which utilizes a single twist
to engage automatic connection. In one embodiment, the
PIU side of the connector includes a double ended sac-
rificial interconnect. In one embodiment, a sterile plastic
bag having an access port is used to drape the PIU.

[0015] In one aspect, the invention relates to a combi-
nation PIU in which electrical motor noise from a PWM
(Pulse Width Modulator), used to control the speed of
the motor, is reduced by filtering the edges of the driving
pulse waves.
[0016] In one aspect, the invention relates to an inter-
face device that includes a cover; an aperture defined by
the cover; a stationary section of a sample arm of an
interferometer disposed within the cover and includes a
stationary optical fiber section having an endface; a first
rotatable connector defining a first hole, the first hole po-
sitioned in alignment relative to the aperture and dis-
posed within the cover; a sacrificial connector; a second
rotatable connector defining a second hole, the first sec-
ond positioned in alignment relative to the aperture,
wherein the first rotatable connector and the second ro-
tatable connector sandwich the sacrificial connector and;
a first motor disposed within the cover, the first motor
configure to rotate the second rotatable connector.
[0017] In one embodiment, the first rotatable connector
includes a first half and a second half, wherein the first
half comprises an electrical contact, wherein the second
half comprises a counterbalance. In one embodiment,
the interface device further includes an electrical signal
coupling subsystem includes a rotatable transformer
component and a stationary transformer component. In
one embodiment, the interface device further includes
an optical signal coupling subsystem includes a rotatable
optical component and a stationary optical component.
In one embodiment, the interface device further includes
an optical connector disposed within the rotatable optical
connector. In one embodiment, the interface device fur-
ther includes an elongate probe connector includes one
or more posts extending therefrom. In one embodiment,
the interface device further includes a rotatable section
of a sample arm of an interferometer aligned with the
aperture.
[0018] In one aspect, the invention relates to an inter-
face unit. The interface unit includes a catheter connector
configured to receive a disposable imaging probe com-
prising a rotatable optical fiber segment configured to
transmit light, and a catheter body; a stationary optical
fiber segment configured to transmit the light; an optical
rotary joint comprising an optical coupler configured to
couple the stationary optical fiber segment to the rotata-
ble optical fiber segment; and an electrical rotary joint
which includes a first annular ring defining a first annular
opening and comprising a first conductive winding and a
second annular ring defining a second annular opening
and comprising a second conductive winding, wherein a
first gap is defined between the first conductive winding
and the second conductive winding and an elongate cav-
ity is defined by the first and second annular openings,
wherein the optical rotary joint and the electrical rotary
joint are substantially coaxial and the light passes
through the elongate cavity.
[0019] In one embodiment, the interface unit includes
a stator defining a stator bore; and a rotor defining a rotor
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bore, wherein the stationary optical fiber segment is con-
centrically disposed in the stator bore. In one embodi-
ment, the optical coupler is disposed within the elongate
cavity. In one embodiment, the first conductive winding
is disposed in a first ferrite ring and the second conductive
winding is disposed in a second ferrite ring, wherein the
ferrite rings are substantially parallel. In one embodiment,
the rotor is at least partially disposed in the stator bore.
In one embodiment, the stator is at least partially dis-
posed in the rotor bore. In one embodiment, the first gap
ranges from about 20 microns to about 100 microns.
[0020] In one embodiment, the second rotatable opti-
cal fiber segment and the fiber optic rotary joint are at
least partially disposed in the elongate cavity and one or
more of the conductive windings are annularly disposed
around the fiber optic rotary joint. In one embodiment,
the first conductive windings are stationary windings and
the stationary optical fiber and stationary windings are
connected to the stator. In one embodiment, the second
conductive windings are rotatable windings and the ro-
tary optical fiber segment and rotatable windings are con-
nected to the rotor. In one embodiment, stationary wind-
ings and the stationary optical fiber are connected to the
stator. In one embodiment, the rotary rotatable windings
and the rotary optical fiber segment are connected to the
rotor. In one embodiment, a ratio of a number of turns in
the first conductive winding to a number of turns in the
second conductive winding ranges from about .25 to
about 4. In one embodiment, the ratio is specified to ad-
just for impedance mismatch or increase the signal return
voltage. In one embodiment, a center tap connection is
made between the stationary windings to reduce com-
mon mode noise. In one embodiment the stator compris-
es an outer surface wherein the outer surface extends
to cover the first gap. In one embodiment a portion of the
outer surface comprises an EMI shielding material.
[0021] In one embodiment, the interface unit includes
a center tap connection with one or more stationary wind-
ings configured to reduce common mode noise. In one
embodiment, the stator includes an outer surface where-
in the outer surface extends to cover the first gap. In one
embodiment, a portion of the outer surface comprises an
EMI shielding material. In one embodiment, the interface
unit a motor configured to rotate the rotatable optical fiber
segment. In one embodiment, the catheter connector
comprises a rotatable electrical wire. In one embodiment,
the interface unit includes a connector hub configured to
rotationally balance one or more rotatable components
of the interface unit.
[0022] In one embodiment, the optical rotary joint and
the electrical rotary joint are arranged along a common
axis of rotation. In one embodiment, the interface unit
includes a substantially cylindrical tube comprising a cy-
lindrical surface defining an elongate channel configured
to receive the rotatable electrical wire or a conductor in
electrical communication with the electrical rotatable
wire. In one embodiment, the first conductive winding is
rotatable and the second conductive winding is station-

ary.
[0023] In one aspect, the invention relates to an inter-
face unit. The interface unit includes a catheter connector
configured to receive a disposable imaging probe com-
prising a rotatable optical fiber segment configured to
transmit light along an optical path, a rotatable acoustic
signal conductor, and a catheter body; a stationary opti-
cal fiber segment configured to transmit the light and de-
fine the optical path; an optical coupler configured to cou-
ple the stationary optical fiber segment to the rotatable
optical fiber segment, wherein a first gap is defined be-
tween the rotatable optical fiber segment and the station-
ary optical fiber segment; and an electrical rotary joint
comprising a first conductive winding and a second con-
ductive winding, wherein a second gap is defined be-
tween the first conductive winding and the second con-
ductive winding, wherein the rotatable acoustic signal
conductor is in electrical communication with the first con-
ductive winding; an elongate cavity defined between the
first conductive winding and the second conductive wind-
ing; wherein the optical coupler and the electrical rotary
joint are substantially coaxial and wherein the optical path
spans the elongate cavity and the first gap.
[0024] In one embodiment, the first conductive winding
is disposed in a first ferrite ring and the second conductive
winding is disposed in a second ferrite ring, wherein the
ferrite rings are substantially parallel. In one embodiment,
the optical coupler, the electrical rotary joint and the ro-
tatable acoustic signal conductor are arranged to rotate
about an axis of rotation. In one embodiment, the optical
path further spans the second gap. In one embodiment,
the optical path is a section of a sample arm of an inter-
ferometer.
[0025] In one embodiment, the invention relates to an
interface device. The interface device includes a cover;
an aperture defined by the cover; a stationary section of
a sample arm of an interferometer disposed within the
cover and comprising a stationary optical fiber section
having an endface; a first rotatable connector defining a
first bore, the first bore positioned in alignment relative
to the aperture and disposed within the cover; a sacrificial
connector; a second rotatable connector defining a sec-
ond hole, the first second positioned in alignment relative
to the aperture, wherein the first rotatable connector and
the second rotatable connector sandwich the sacrificial
connector and; a first motor disposed within the cover,
the first motor configure to rotate the second rotatable
connector.
[0026] In one embodiment, the first rotatable connector
comprises a first assembly and a second assembly,
wherein the first assembly comprises an electrical con-
tact, wherein the second assembly comprises a counter-
balance. In one embodiment, the interface device in-
cludes an electrical signal coupling subsystem compris-
ing a rotatable transformer component and a stationary
transformer component. In one embodiment, the inter-
face device includes an optical signal coupling subsys-
tem comprising a rotatable optical component and a sta-

5 6 



EP 4 316 382 A2

5

5

10

15

20

25

30

35

40

45

50

55

tionary optical component. In one embodiment, the inter-
face device includes an optical connector disposed within
the rotatable optical connector. In one embodiment, the
interface device includes an elongate probe connector
comprising one or more posts extending therefrom. In
one embodiment, the interface device includes a rotata-
ble section of a sample arm of an interferometer wherein
the rotatable section is aligned with the aperture.

BRIEF DESCRIPTION OF DRAWINGS

[0027] The figures are not necessarily to scale, em-
phasis instead generally being placed upon illustrative
principles. The figures are to be considered illustrative in
all aspects and are not intended to limit the invention, the
scope of which is defined only by the claims.

Figure 1 is a schematic diagram of an image data
collection system that includes a PIU in accordance
with an illustrative embodiment of the invention.

Figure 2 is a perspective diagram of a patient inter-
face unit (PIU) in accordance with an illustrative em-
bodiment of the invention with part of its cover re-
moved.

Figures 3A-3D are perspective views of components
of a PIU including a sacrificial joint in accordance
with an illustrative embodiment of the invention.

Figures 4A-4B show components of an optical con-
nector and an electrical connector in accordance
with an illustrative embodiment of the invention.

Figure 5A shows electrical connections relative to a
connector component of a PIU in accordance with
an illustrative embodiment of the invention.

Figure 5B shows rotatable connector and a fixed
connector configured to receive the rotatable con-
nector accordance with an illustrative embodiment
of the invention.

Figure 6A is a perspective diagram of the outside of
a combination rotary joint in accordance with an il-
lustrative embodiment of the invention.

Figure 6B is a cross-sectional diagram of the com-
bination rotary joint of Figure 6A.

Figure 7 is a perspective diagram of an embodiment
of a catheter in accordance with an illustrative em-
bodiment of the invention.

Figure 8A is an open perspective of an embodiment
of a PIU in accordance with an illustrative embodi-
ment of the invention.

Figure 8B is a cross-sectional schematic diagram of
a catheter pull-back section in accordance with an
illustrative embodiment of the invention.

Figure 9 is a photograph of an imaging core connec-
tor in accordance with an illustrative embodiment of
the invention.

Figure 10A is another combination rotary joint in ac-
cordance with an illustrative embodiment of the in-
vention.

Figure 10B is a cross-sectional diagram of the com-
bination rotary joint of Figure 10A.

Figure 11A is yet another combination rotary joint
embodiment in accordance with an illustrative em-
bodiment of the invention.

Figure 11B is a cross-sectional diagram of the com-
bination rotary joint of Figure 11A.

Figure 12A is a schematic diagram of components
of an interface device including rotatable compo-
nents such as a rotor a rotatable plurality of conduc-
tive windings in accordance with an illustrative em-
bodiment of the invention.

Figures 12B and 12C are two perspective views of
the components of Figure 6B along with additional
connectors used in an exemplary interface device in
accordance with an illustrative embodiment of the
invention.

DETAILED DESCRIPTION

[0028] In part, the invention relates to an interface unit
such as a patient interface unit (PIU) configured for use
with data collection probes having an optical data collec-
tion component and an ultrasound data collection com-
ponent. The data collection components are configured
to be introduced into a patient such as through a blood
vessel and rotate therein in one embodiment. The PIU
and a disposable data collection probe are configured to
connect to and release from each other. In addition, one
or more components of the PIU are configured to rotate
in a synchronized manner with one or more components
of the data collection probe. The data collection probe
can include a catheter or one or more sheaths. The probe
can further include imaging devices and optical and elec-
trical components such that both IVUS and OCT data
can be collected.
[0029] While PIUs are currently in use for a single type
of imaging such as a PIU for IVUS or a PIU for OCT,
each of these types of PIU cannot be used with other
type of imaging system. Thus, an OCT PIU does not work
with an IVUS PIU and vice versa. A multimodal or com-
bination PIU that can work with an IVUS system, an OCT

7 8 



EP 4 316 382 A2

6

5

10

15

20

25

30

35

40

45

50

55

system, and a combination IVUS and OCT system faces
numerous design challenges that result from combining
and arranging optical and acoustical components along
with the necessary mechanical and electrical subsys-
tems. In part, one embodiment of the invention addresses
such challenges by including one or more of a rotary joint
such as a combination rotary joint, a catheter body such
as a combination catheter body, a pullback section, a
connector such as a combination connector, and elec-
tromagnetic interference or electromagnetic interference
(EMI) reduction components.
[0030] In one embodiment, the use of the term com-
bined or combination refers to the relevant combined or
combination apparatus or method steps having charac-
teristics, properties, components, or other features relat-
ing to combining or otherwise supporting the use of a first
imaging mode or modality such as an optical imaging
technology and a second imaging mode or modality such
as an acoustic imaging technology. OCT and IVUS are
non-limiting examples of two such imaging technologies.
[0031] Figure 1 illustrates a data collection system 10.
The system 10 includes a data collection probe 15. The
probe 15 includes a probe tip 20. The probe tip 20 is
disposed in a sheath 25. The sheath is sized for insertion
into a sample such as a blood vessel. The probe tip 20
is in optical communication with an optical fiber 30. The
system 10 also includes a PIU 40. The PIU 40 includes
an outer cover 42 with regions for one or more control
elements such as buttons or switches. The PIU 40 in-
cludes a probe connector 45. In one embodiment, the
probe connector 45 is configured to slide inside the PIU
40. The probe 15 is configured to connect to the PIU 40
via probe connector 45. The probe tip can include a beam
director and/or an ultrasound transducer. The sheath 25
can include a region such as a window through which
optical and acoustic image data can be collected. In one
embodiment, the probe 15 is terminated with a dual pur-
pose optical/electrical probe connector or terminal con-
nector 45 which connects with the PIU 40. The probe
connector 45 rotates with and is connected to the probe
15.
[0032] The PIU 40 is configured to receive an optical
signal from a beam director and an electrical signal from
an ultrasound transducer in the data collection probe 15
while the data collection probe spins. In addition, the PIU
is configured to transmit the optical signal along an optical
path that includes a rotatable fiber section 30 that is in
optical communication with one or more stationary optical
fiber sections 50 and a stationary optical receiver 57 such
as one or more photodiodes. The optical path along which
the optical signal travels to and from a sample constitutes
the sample arm of an interferometer in one embodiment.
As a result, the sample arm of the interferometer spans
one or more components in the PIU 40 in one embodi-
ment. The sample arm includes one or more lengths of
optical fiber in one embodiment.
[0033] Similarly, the PIU 40 is configured to transmit
an ultrasound (US) signal along an electrical path that

includes one or more conductors and other circuit ele-
ments such as a transformer that is in electrical commu-
nication with an ultrasound signal system 55. The ultra-
sound signal system 55 can include a receiver for receiv-
ing the ultrasound signal and a controller for driving the
ultrasound sound transducer in the probe 15. As a result,
some components of the PIU are rotatable and config-
ured to rotate with the data collection probe in a rotation-
ally balanced and/or synchronized manner while other
components of the PIU such as optical fiber section 50
are stationary.
[0034] The optical and US signals are transmitted to
data processing system 60 as electrical signals in one
embodiment. The data processing system 60 includes
memory storage and one or more processors suitable
for transforming the optical and US signals into cross-
sectional images, longitudinal images, or other images
of the blood vessel which was imaged during a pullback
procedure using probe 15. An optical source 62 such as
a laser can also be in optical communication with the
probe 15 via the PIU 40. A reference arm of an interfer-
ometer that terminates at a movable reflector can also
be part of the system that optically or electrically connects
to the PIU.
[0035] As shown in Figure 1, the PIU 40 includes var-
ious components that are supported by a frame, carriage,
and/or other structural members disposed within the cov-
er 42. A connector 70 is shown within the PIU 40. One
end of connector 70 faces an aperture 88 of the PIU 40.
In one embodiment, the probe connector 45 can slide
within the PIU via aperture 88 which is defined by a region
of the cover 42. In one embodiment, the connector 70
includes two sections that snap or otherwise connect to-
gether. The connector 70 includes a channel configured
to receive an optical fiber from the probe 15 and one or
more electrical contacts configured to form an electrical
connection with the probe 15. The connector 70 is con-
figured to rotate relative to an axis of rotation that is
aligned with optical fiber disposed in connector 70.
[0036] Still referring to Figure 1, a PIU connector 72 is
in series with connector 70. A sacrificial joint 73 can be
used to connect PIU connector 72 and connector 70 such
that these two connectors 70, 72 can be connected and
released from the sacrificial joint 73 to facilitate PIU main-
tenance and repair. A motor 75 such as a belt driven
motor can be used in one embodiment to rotate or pull-
back probe 15. The PIU 40 can also include an optical
coupling device or joint 80 such as fiber optic rotary joint.
The optical joint 80 includes a stationary component 80a
and a rotatable component 80b. The optical fiber section
30 is in optical communication with the data collection
probe and rotates with the probe. In turn, the optical fiber
section 50 does not rotate and is in optical communication
with an optical signal receiver 57.
[0037] Each of these two optical fiber sections 50, 30
are arranged at such that their respective endfaces are
aligned in optical joint 80 such that light can travel be-
tween the stationary fiber section 50 and rotatable fiber
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section 30. In one embodiment, an air gap is disposed
been the end faces of fiber sections 30, 50 such that light
can jump through the air gap and travel from one fiber
section 30 to fiber section 50 and vice versa.
[0038] The optical joint 80 is configured such that the
optical signal containing depth information obtained dur-
ing a scan of a blood vessel can be coupled from a ro-
tating fiber and used by a stationary system. Similarly,
the electrical ultrasound signals are similarly coupled us-
ing an electrical signal coupler or joint 85 configured to
transmit signals from a rotating electrical connection to
a stationary electrical receiver. The electrical signal cou-
pler or joint 85 is configured to operate in a contactless
manner such that the electrical signal containing ultra-
sound depth information or other ultrasound data is trans-
mitting using induction, wireless or other components.
The electrical signal coupler or electrical rotary joint 85
can include a stationary component 85a and a rotatable
component 85b.
[0039] In one embodiment, the electrical signal coupler
includes a first and second transformer portion such as
a first ferrite device and a second ferrite device. The
transformer portions such as the ferrite devices are disk
or ring shaped in one embodiment. In one embodiment,
the electrical signal coupler includes a center tap to the
transformer such that the IVUS signal is transmitted be-
tween the two ends wires of the transformer and a com-
mon mode signal is received at the center tap. Additional
details relating to an exemplary PIU are discussed below
with respect to Figure 2 and as otherwise provided herein.
[0040] Figure 2 shows a side perspective view of an
exemplary PIU 100 that is connected to a disposable
data collection probe that includes an imaging core 102.
The imaging core 102 includes an optical fiber. The im-
aging core can include other coatings or materials dis-
posed or wound relative to the optical fiber. The optical
fiber defines an optical path which is a portion of a sample
arm of an interferometer.
[0041] The PIU 100 can include one or more actuatable
controls 103 such as switches or buttons. Portions of the
PIU cover 105 are shown with respect to various com-
ponents of the PIU 100. In one embodiment, the controls
103 are positioned relative to holes defined by the PIU
cover 105. The imaging core 102 is connected to a probe
connector 107. This connector 107 can be an elongate
member having a cylindrical, conical, partial conical or
other geometry. The connector 107 can include posts
around which wires can be wrapped and adhered. In one
embodiment, this probe connector 107 is a dual optical
and electrical connector that is connected to the end of
a data collection probe via the imaging core 102.
[0042] The PIU 100 is configured to rotate a probe
while an optical fiber in the probe transports light along
an optical path for the OCT data collection. In addition,
the PIU 100 is configured to transmit one or more elec-
trical control signals suitable for controlling or driving an
ultrasound transducer such that acoustic beam formation
occurs. The electrical path for controlling the transducer

is also used for transmitting signals containing ultrasound
data obtained with respect to the blood vessel being
scanned with a data collection probe. Similarly, the PIU
100 is configured to cause the probe which includes im-
aging core 102 to be withdrawn from the vessel at a con-
stant rate as the image is being acquired during a pull-
back.
[0043] Referring again to Figure 2, the PIU 100 is con-
figured to optically couple and electrical couple with a
data collection probe having a probe tip and the optical
and acoustic data collection elements described herein.
Specifically, the PIU is configured to couple with the ro-
tating optical fiber and the rotating conductors using a
stationary optical fiber section disposed in the PIU and
electrical conductors disposed in the PIU 100. The PIU
100 includes a probe connector 110, a PIU interconnect
117 that includes a sacrificial joint, and a fiber optic rotary
joint 115 to perform the optical coupling and a rotary
transformer 120 to perform the electrical coupling, re-
spectively.
[0044] An electrical connector that plugs into sacrificial
interconnect of PIU interconnect 117 is disposed inside
connector 110. In one embodiment, the sacrificial inter-
connect of PIU interconnect 117 and probe connector
110 are configured such that as they engage or push
against each other an electrical connection and optical
connection form such that optical signals and electrical
signals from the probe tip can pass through these two
components. During pullback, the imaging core 102, the
catheter connector 110, the PIU connector 117 with sac-
rificial interconnect 143, the fiber optic joint 115 and the
rotary electrical joint 120 all slide back together along the
bushing rails 127. The sacrificicial joint 143 can also be
referred to as a sacrificial interconnect or sacrificial con-
nector in one embodiment.
[0045] In one embodiment, the probe connector 110
is formed from two shells or halves that snap or otherwise
connect together. In order to balance the probe connector
110, and the sacrificial and other connectors of PIU in-
terconnect 117, in one embodiment to the extent an elec-
trical, optical or other element is disposed on one side of
the interior of the probe connector 110 or PIU intercon-
nect 117, a counterbalance is disposed on the other side
in the interior of probe connector 110 or PIU interconnect
117.
[0046] In one embodiment, the counterbalance reduc-
es wear, wobble, and other unwanted effects during ro-
tation of these components of the PIU 100. Specifically,
it is advantageous to reduce the rotational imbalance or
dynamic forces placed on the probe, connector and ro-
tating portions of the PIU. The electrical component in
the probe connector 110 can be counter balanced using
a dummy circuit having a similar shape and mass or sub-
stantially the same shape and mass as the electrical com-
ponent.
[0047] In one embodiment, the PIU interconnect 117
of the PIU 100 includes a double ended optical connector
and electrical connector. This sacrificial connector is con-
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figured such that a worn connector port can be replaced
without rewiring the electrical contacts or replacing the
long optical fiber that connects to a data processing sys-
tem.
[0048] Still referring to Figure 2, an optical rotary joint
115 is positioned in series with a PIU interconnect 117.
The optical rotary joint 115 includes an optical stationary
joint component and an optical rotatable joint component
in one embodiment. The electrical rotary joint 120 in-
cludes an electrical stationary joint component and an
electrical rotatable joint component in one embodiment.
The rotatable joint component is configured to spin or
rotate relative one or more axis. In one embodiment, the
optical stationary joint component and the electrical sta-
tionary joint component are arranged in series with each
other. In one embodiment, the optical rotatable joint com-
ponent and the electrical rotatable joint component are
arranged in series with each other.
[0049] The PIU 100 also includes a rotary transformer
120. The transformer 120 can be a center tap transformer
in one embodiment. One or more wires in electrical com-
munication with transformer 120 provide an electrical
path for the ultrasound data signal generated using a
data collection probe to be transmitted to an ultrasound
receiver. The transformer 120 is configured such that the
ultrasound signal is received from the probe in a contact-
less manner using a changing electric or magnetic field.
In one embodiment, the transformer 120 includes a sta-
tionary ferrite ring and a rotating ferrite ring. A gap is
disposed between the rings. As the probe rotates, con-
ductors in the probe carrying the ultrasound signal spin.
These spinning or rotating conductors terminate near a
rotatable section of the transformer 120. The transformer
120 includes a rotating assembly and a stationary as-
sembly in one embodiment.
[0050] In one embodiment, the rotatable portion of the
transformer and the rotatable conductors in the probe
are synchronized to rotate together. The stationary por-
tion of the transformer 120 receives electrical signals by
induction or another field-based effect from the rotating
portion of the transformer. In one embodiment, each of
the stationary portion of the transformer 120 and the ro-
tatable portion of the transformer 120 has a plurality of
windings. The windings are the same for both the sta-
tionary and rotatable portions of the transformer in one
embodiment.
[0051] In one embodiment, the rotatable parts in the
PIU 100 and the probe connector 110 are designed to
be rotationally balanced. Thus, in one embodiment, the
PIU 100 includes a serial arrangement of a plurality of
elements configured to receive an optical fiber and re-
duce rotational inertia when coupled to a data collection
probe. The data collection probe includes a torque wire
and a probe tip in one embodiment.
[0052] In order to acquire images at rapid image data
acquisition speeds, a motor (not shown) rotates the im-
aging core 102, connector 110, PIU interconnect 117, a
portion of the transformer 120 and a portion of the fiber

optic rotary joint 115. The frequency of rotation ranges
from about 100 Hz to about 250 Hz. Rotation at these
speeds will cause significant vibration and noise unless
the system is rotationally balanced. The system is con-
figured such that when the system is rotating the probe
body is balanced such that wobble and other vibrations
are reduced. The use of counterbalances in the connec-
tor 110, and the sacrificial connector 143 provide rota-
tional balance.
[0053] Further, a rapid pullback speed is also a feature
the PIU. In part, pullback is achieved using a pullback
motor (not shown) and lead screw 125 to slide a carriage
128 supporting the rotary transformer and the fiber optic
rotary joint along bushing rails 127 at speeds that range
from about 18 to about 50 mm/sec.
[0054] In Figure 2, a bushing 133a is a shown. In one
embodiment, a bushing and a distal seal (not shown) can
be used. The seal can be positioned relative to other
connecting elements such as an outer connector shell to
prevent saline from entering the PIU when saline is used
to purge a catheter used with the data collection probe.
The stationary optical and electrical signals can be trans-
mitted from the PIU through a jacketed conduit 131.
[0055] Figure 3A is a perspective view of an exemplary
probe connector 110 such as shown in Figure 2. This
probe connector 110 spins or rotates within the PIU 100.
In one embodiment, the probe connector 110 includes a
first section or shell and a second section or shell that
snap or otherwise connect together to form the connector
110. For the purposes of illustrating features of the em-
bodiment shown in Figure 3A, the top half of the inner
shell on the probe connector 110 has been made trans-
lucent to show the inside. The transparent top portion is
an example of one such shell or section.
[0056] In one embodiment, the probe connector 110
includes an aperture 135 that is defined by a probe facing
end face 138a. The probe connector continues from the
endface 138a along an outer surface that terminates at
second endface 138b. The first and second endfaces are
both circular in one embodiment with different diameters
as shown. The connector is cylindrical or bell shaped in
one embodiment. A PIU interconnect 117 is shown in 3A.
In addition, an electrical connector 139 and an alignment
pin 140 are now made visible.
[0057] The PIU can include a sacrificial joint 143 in one
embodiment. This joint 143 is sandwiched between and
connects probe connector 110 and the PIU interconnect
117 in one embodiment. The inner shell of probe con-
nector 110 has a male/male electrical connector 139 (left
side is soldered to probe conductive wires in one embod-
iment) as well as one optical connector 150 attached or
otherwise optically coupled to an optical fiber of the im-
aging core 102. The sacrificial joint 143 has a female
(shown) 160a and male (not shown electrical connector
as well as both sides of the optical connector (only one
side shown). This entire sacrificial joint 143 can be re-
placed when it is worn without taking the entire PIU apart.
[0058] In Figure 3B, the inner shells and the sacrificial
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interconnect 143 are depicted in an exploded view. Sac-
rificial interconnect 143 includes a female optical con-
nector 155 shaped to receive the male optical connector
150. The cross-section of the female optical connector
155 is shown as rectangular in this embodiment. The
endface or connector 145 of the PIU interconnect 117 is
also shown. The endface 145 has a circular shape with
a diameter. The diameter of endface 145 is greater than
the diameter of endface 138b which is in turn greater
than the diameter of endface 138a in one embodiment.
[0059] Figure 3C shows another exploded view of com-
ponents of the PIU with the sacrificial joint shown at a
further separation distance from connector 110. In Figure
3D, another exploded view is provided with the probe
connector 110 withdrawn from the sacrificial joint. The
sacrificial interconnect includes double ended electrical
connectors 160a and 160b. Connectors 160c and 160d
are single ended electrical connectors. A pair of "dummy
connectors" 160b and 160d in both the sacrificial joint
and the PIU connector 145 are shown.
[0060] In one embodiment, these connectors 160a and
160b and 160c and 160d, respectively, are configured to
match or substantially match as pairs in the probe con-
nector 110 and the PIU connector 145, respectively, in
terms of mass and relative to position such that they
counterbalance each other. This contributes to the rota-
tional balances of elements in the PIU. In one embodi-
ment, the PIU includes a counterbalance configured to
maintain rotational balance in a PIU component such as
an electrical or other component on one side of a rotat-
able connector. The counterbalance is arranged in a
symmetric manner relative to the operative connector el-
ement it is provided to balance relative to in a given PIU
component.
[0061] Figure 4A depicts two sections 110a, 110b of
the probe connector 110 shown as halves positioned to
reveal the inner shell of connector 110. The two inner
shell halves 110a, 110b are positioned on either side of
an optical connector 150 mounted on the end to receive
the optical fiber. One of the inner shell sections 110b is
modified to include the electrical connector 185.
[0062] In one embodiment, the other inner shell section
110a has a counterbalance 180 symmetrically arranged
on the other section 110b relative to wherein the connec-
tor 185 is positioned on section 110a. This counterbal-
ance can be a blank or other weight. The counterbalance
can be formed in the same material used to make con-
nector 110. The counterbalance 180 balances the elec-
trical connector 185 in section 110b. The optical connec-
tor 150 mounted on the tube 170 incorporates the optical
fiber shown in Figure 4. Additional electrical conductors
such as wires 190a, 190b are shown in electrical com-
munication with electrical connector 185 in Figure 5B.
[0063] In Figure 4B, the two inner shell halves are show
together as connector 110. In one embodiment, the two
inner shell halves are configured such that they can snap
together around the optical connector 150. A plurality of
electrical wires received from the electrical connector 185

exit the shell. Conductor 172 from the probe connector
107 is in electrical communication with electrical connec-
tor 185 in one embodiment. The electrical connector 185
transmits the ultrasound signal along an electrical path
to rotary transformer 120. Electrical connector 185 ro-
tates with the data collection probe when the PIU rotates
the probe. In one embodiment, the elements disposed
inside the inner shell will rotate at a frequency that ranges
from about 100 to about 250 Hz.
[0064] Figure 5A shows electrical wires exiting the
shell. Wires 190a, 190b have now been soldered to the
electrical wires 172 exiting the tube 170. As a result, an
electrical path is defined from the probe connector 110
and PIU connector 117 along the length of the imaging
probe. The wiring interconnect 107 includes one or more
protrusions or posts 107a as shown. These posts 107a
are formed or connected to the connector 107. The wires
190a, 190b from the probe connector 110 and the wires
from the probe 172 can be wrapped around such posts
107a and soldered or otherwise secured. Any excess
wire resulting after the wrapping and/or soldering can be
cut such that the connection remains secure during ro-
tation.
[0065] Figure 5B shows probe connector 110 and a
connector shell or connector cover 195 aligned relative
to each other. The rotatable probe connector 110 nests
inside of the fixed outer shell also referred to as a con-
nector cover 195 or outer connector 195. The rotatable
probe connector 110 and the stationary connector 195
slide relative to each other such that probe connector
110 moves inside and outside of connector 195. In one
embodiment, during a pullback, probe connector 110
moves inside stationary connector 190. Probe connector
110 and stationary connector 190 are configured to pre-
vent the backflow of any saline or other catheter purging
fluid along with the bushing 133a, 133b or other fluid re-
stricting components.

Rotary Joint Embodiment

[0066] One or more rotary joints are used to couple
two rotating signal transmission lines (optical fiber and
plurality of coiled conductors such as wires) within the
probe to stationary transmission lines within the PIU. In
one embodiment, each rotary joint is a contactless joint
because it is configured to couple an optical signal over
an air gap or an electrical signal over an air gap. A fiber
optic rotary joint is configured such that the optical fiber
portion of the joint is coaxial with the axis of rotation in
one embodiment. This in turn requires the electrical ro-
tary joint to have a central core which defines a cavity,
channel or opening to allow passage of an optical fiber
or otherwise define an optical path. Additionally, because
both rotary joints have a rotating and stationary part, the
central core is sized and otherwise configured to allow
for various structural elements to link rotating and non-
rotating elements.
[0067] An embodiment of a combination rotary joint is
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shown in Figure 6A. This embodiment of a combination
rotary joint 200 has a rotatable end AA and a stationary
end BB. The rotating end AA includes a rotating fiber
connector 201 and a rotatable channel 212 to receive an
electrical wire connecting to the rotatable electrical con-
nector (not shown). In one embodiment, the electrical
wire disposed in rotatable channel 212 is a rotatable
acoustic signal conductor. Rotatable channel 212 is con-
figured to allow a rotatable acoustic signal conductor
such as a conductive wire to be recessed relative to a
cylindrical pipe or shell of an exemplary rotary joint or
component thereof. The conductor disposed in the chan-
nel 212 couples signals to and from an acoustic wave
generator transducer in the probe tip. This coupling of
acoustic signals occurs as the channel 212 rotates in one
embodiment such as during a pullback of a combination
OCT and IVUS probe.
[0068] Still referring to Figure 6A, the stationary end
BB has a stationary optical fiber 213 and a stationary
electrical wire 214b. Optical signals collected using a da-
ta collection probe and light received from a light source
are transmitted through the optical fiber 213 and an op-
tical fiber (not shown) connected to the rotatable optical
fiber connector 211. The rotatable optical fiber connector
211 of Figure 6A is an exemplary embodiment of con-
nector 45 shown in Figure 1. The optical fiber connector
211 can include a support plate 211a as shown.
[0069] A cross section of the combination rotary joint
200 showing the internal structure of the combination ro-
tary joint of Figure 6A is depicted in Figure 6B. The elec-
trical portion of the rotary joint 200 includes a first plurality
of windings disposed adjacent to a second plurality of
windings with a gap disposed there between such that
one set of windings may rotate relative to the other. These
windings constitute a transformer or a portion thereof. A
set of facing annular ferrite rings 226 and 227; one rotat-
able 227 and one stationary 226 can be used to imple-
ment the windings as shown.
[0070] Specifically, each plurality of windings can be
implemented using annular rings 226 and 227 are made
of ferrite and each having a concentric circular coil 228
imbedded in the ferrite ring. The coil of the rotatable ring
227 is connected to the electrical wire 224b which con-
nects to an rotatable electrical connector on a disposable
data collection probe. For example, electrical wire 224b
is in electrical communication with an ultrasound trans-
ducer, which is a component of an imaging probe tip. An
exemplary probe tip 20 is shown in Figure 1. With respect
to Figure 6B, the coil of the stationary ring 226 is con-
nected to an electrical wire 224a which connects to
acoustic signal processing circuitry such as IVUS
processing circuitry.
[0071] The electrical pulses used to drive an ultra-
sound transducer and the pulses generated by the ultra-
sound transducer are transmitted between wire 224a and
wire 224b using the electric fields generated by the two
rings as a bridge for wireless signal transmission by in-
duction. In one embodiment, the thickness of the gap

between the two coils is between about 20 microns and
about 200 microns. In one embodiment, the thickness of
the gap between the two coils is greater than or equal to
about 20 microns. In one embodiment, the thickness of
the gap between the two coils is between about 20 mi-
crons and about 100 microns.
[0072] In various embodiments, the respective coils
228 in each respective ring 226, 227 have an equal
number of turns or a ratio of turns to adjust for the im-
pedance or voltage output of the acoustic data collection
subsystem of the data collection probe. One or both of
these coils 228 can also have a center tap. This center
tap or connection to a coil winding provides access to
the common mode of the signal lines. Since the image
data collection probes are inserted into the patient, al-
though using a true ground connection to mitigate noise
would be helpful there are risks that such a true ground
connection could lead to grounding of a patient during
one or more procedures. The center tap connections to
one of the plurality of windings such as the rotating wind-
ings or coil disposed in the PIU can provide a virtual
ground which facilitates patient safety while simultane-
ously reducing or preventing common mode noise in the
signal lines used to drive an acoustic element or another
electrical component of a probe.
[0073] An optical path defined by one or more optical
fibers is coaxial with the center of rotation of rotary joint
200. In one embodiment, the optical path includes a ro-
tatable optical fiber 229a and a stationary optical fiber
229b separated by a small gap 229c. The gap 229c is
formed using an optical coupler such as a fiber optic ro-
tary joint. The rotatable fiber 229a connects into the ro-
tatable optical connector 211 which can include a con-
nector plate or support 211a, and the stationary fiber
229b and 223 connects into an optical signal processing
system such as an OCT imaging engine. An outer hous-
ing 222 is also show with the rotor and stator disposed
therein. Channel 212 can be formed in the outer housing
222 in one embodiment. A bearing pair 225 having an
inner race facing the optical fibers 229a, 229b and an
outer race facing the rotor 219 is shown. Rotatable fiber
229a is coupled to rotor 219 such that both rotate in a
synchronized manner during one or more phases of a
pullback. Various shaped channels corresponding to a
space within housing 222 are shown as the cavity 250
disposed between the connector 211 and the rotor 219
and outer housing 222.
[0074] As shown in Figure 6B, a stationary support 220
is used in conjunction with the stator 215. The fiber 229b
and the bearing pair 225 are held stationary by stator
220. The stationary support 220 bears a portion of the
load associated with stator 215. In turn, stator 215 is at-
tached to bearing pair 225. The outer race of the bearing
pair 225 provides a surface with respect to which such
surface the rotor 219 rotates upon. The rotor 219, which
can have a cup-shaped or other configuration, is rotatably
disposed relative to the stator 215. The stator 215 defines
a stator bore within which fibers 229c and 229b can be
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disposed along with an optical coupler to couple light
between each respective fiber segment over a gap 229c.
In one embodiment, wire 224b continues through chan-
nel 212 to connect to ring 227. Alternative arrangements
of the relative order of the rotatable and stationary parts
are possible. In general, in each such embodiment the
electrical rotary joints are configured to define a hollow
core or channel to allow positioning of an optical fiber
and a stator. In one embodiment, each stator and rotor
used in the PIU define a bore through which an optical
fiber segment can be slidably disposed. Figures 12B and
12C show additional views of Figure 6B.

Catheter Body

[0075] Figure 7 shows a perspective diagram of the
catheter or data collection probe body. The rotatable im-
aging core of the catheter body includes a central optical
fiber 230 helically wrapped with electrical wires 232 and
encased by a torque cable 233. In Figure 7 the torque
wire is shown in a truncated form and would typically
extend along the optical fiber section which is shown in
an exposed state. This arrangement maintains rotational
symmetry, aligns the optical fiber 230 to a combination
rotary joint, such as, for example, described and depicted
herein, and allows sufficient torque transmission while
maintaining the bending flexibility of the catheter.
[0076] In one embodiment, the rotatable imaging core
is slidably disposed within the stationary catheter sheath
234. This allows the imaging core to spin and be pulled
back into the sheath 234 while imaging a sample such
as a blood vessel, thereby allowing the catheter sheath
to protect the delicate vessel from the moving imaging
core. To facilitate optical and acoustic energy transmis-
sion as well as providing vibrational damping, the annular
space 235 between the torque cable and the sheath 234
is filled with saline, contrast or other suitable material to
purge the air which poorly transmits acoustic signals.

Pullback Section

[0077] During the combination imaging of the tissue,
the PIU provides relative linear motion between the sta-
tionary catheter sheath 234 and the spinning imaging
core to pullback the imaging core. Figure 8A shows an
embodiment of a PIU capable of providing this linear mo-
tion. The linear motion is obtained by mounting a com-
bination rotary joint 301 coupled to a carriage 306 onto
a linear rail system 302. The catheter sheath and outer
housing (not shown) is rigidly attached to a stationary
point 303 on the PIU. The imaging core connector 304
is attached to the spinning connector end 305 of the rotary
joint. As the carriage 306 with the rotary joint is pulled
back, (Arrow X) the imaging core slides relative to the
catheter sheath.
[0078] Additionally in this region a seal or other mech-
anism is used to isolate the PIU from the catheter purging
process. This region near the seal can also include a

section designed to break-away when subject to exces-
sive forces as a safety feature to prevent the image core
from continuing to rotate when the probe end is bound.
Figure 8B depicts an embodiment of the combination
catheter pullback section such that various sections and
their related features are described.
[0079] The different zones of the catheter perform dif-
ferent functions or have different characteristics. For ex-
ample, the catheter can be divided into five discrete sec-
tions. The first section 310 includes the portion that is
inserted into the body, including the stationary catheter
321, the rotatable imaging sensors 320 and the rotatable
catheter body 322 as described herein.
[0080] The fourth section 313 is break away safety ar-
ea that will mechanically isolate the image core from the
rotary driver if a set torque level is exceeded (alternatively
this can be located anywhere proximal to the human in-
sertion point).
[0081] The fifth section 314 is the imaging core con-
nector 327 which will be described in detail in the para-
graph below.

Catheter Connector

[0082] The catheter has human blood contact and is
typically a sterile single use device. In contrast, the PIU
does not have significant blood contact and is much more
expensive than the catheter. As a result a PIU is typically
reused and remains unsterile during use. A disposable
connector is used to mate these two parts. This connector
needs to have high reliability and maintain catheter ste-
rility during engagement. There are four subsystems or
components that are being connected by the disposable
connector.
[0083] The first is the mechanical connection of the
catheter sheath to the stationary PIU body which is de-
scribed in the paragraph above. The second is the me-
chanical connection of the imaging core to the rotata-
ble/translating carriage containing the combination rotary
joint. The third is an optical connection between the fiber
optic in the catheter and the fiber optic rotary joint. The
fourth is an electrical connection between one or more
signal wires of a transducer-based sensor for acoustic
imaging in the imaging core and the electrical rotary joint.
[0084] Considering these functions in more detail, an
embodiment of the connector is shown in Figure 9. For
clarity, in this figure the imaging core connector 402 is
shown fully withdrawn from the outer shell 401. During
actual connector engagement the imaging core connec-
tor 402 is fully nested inside of the outer shell 401. To
engage the connector, the operator grasps the sterile
outer shell 401 of the catheter and mechanically inter-
locks it into a port 303 (Figure 8A) on the non-sterile PIU.
The PIU may be either be covered with a sterile bag with
an opening allowing access to this port or the operator
must take care to avoid touching the non-sterile PIU.
Once this mechanical interlock is detected by the PIU, it
automatically engages the optical and electrical connec-
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tors of the probe with the counterpart connectors in the
PIU. This automatic engagement eliminates the need for
the operator to make more interconnects between sterile
and non-sterile parts. Specifically, the PIU carriage ap-
proaches the inner (imaging core) connector with the
spinning PIU connector to mechanically locate and rota-
tionally engage the inner (imaging core) catheter con-
nector.
[0085] Once the catheter connector is rotationally en-
gaged, the PIU connector further advances to sequen-
tially engage the optical and electrical connectors and
finally to mechanically lock the inner catheter connector
to the PIU. Disconnecting the catheter from the PIU is
done in a similar manner. During disconnection, the ster-
ile operator need only touch the still sterile outer connec-
tor. In one embodiment, it is desirable to maintain a sterile
state in the event of a follow on procedure such as another
pullback or a stent removal or stent placement.
[0086] To facilitate reliable electrical and optical con-
nection, these interconnects have a swiping, sliding or
spring loaded action to bring the electrical couplers and
the optical couplers into alignment and solid contact. The
optical and electrical connectors in the PIU that engage
the disposable imaging probe are configured to have a
continuous biasing force on one or both of an optical con-
nector or an electrical connector such that it remains able
to receive and connect with a corresponding optical and
electrical connector in the probe. In one embodiment, the
PIU is designed with a double ended sacrificial intercon-
nect. This allows worn or damaged electrical and/or op-
tical connectors to be easily switched out without replac-
ing the entire PIU.
[0087] As shown in Figure 10A, another rotary joint 550
is depicted according to an embodiment of the invention.
The embodiment shown has one rotatable end 501a, one
stationary end 501b, preloaded ball bearing pair 510, and
a rotary joint housing 513. One rotatable end 501a is
aligned with a rotatable portion of a transformer and the
stationary end 501b is aligned with a stationary portion
of a transformer assembly.
[0088] Additional details of the rotary joint of Figure
10A are shown in the cross-sectional view of Figure 10B.
The rotatable end includes a rotor 505 which mechani-
cally orients all rotatable components around the axis of
rotation. Within an annular pocket or cavity defined by
rotor 505 a rotatable electrical transformer section or
component is affixed. The rotatable transformer portion
or component includes a plurality of conductive windings.
The windings can be disposed in a ferrite core 509b as
a plurality of concentric wire coils 511b embedded in the
ferrite core 509b. The winding are annularly disposed
relative to the optical fiber 506b and optical components
515. Optical components 515 can include a fiber optical
coupler configured to align a rotatable fiber segment (not
shown) which would be entering the PIU from the left
side of the figure with a stationary fiber segment (not
shown) which would be entering the PIU from the right
side of the figure. An air gap would be disposed between

the endface of each of the two fibers with optical image
data and incident light crossing the gap.
[0089] A rotatable optical fiber 506b and optical com-
ponents 515 are affixed concentrically within a bore or
channel disposed along the central axis of the rotor 505.
A rotary channel 514b is also formed in or defined by the
rotor 505 to allow the electrical transmission lines 507b
to exit the rotor 505 and be included in a cable 502b.
Cable 502b provides a jacket for optical fiber 506b and
the electrical signal transmission lines 507b. The cable
502 also provides strain relief for the components dis-
posed therein. The cable 502b connects to one or more
rotary connectors 501b which are used to transmit and
receive signals through the electrical signal transmission
lines 507b and the optical fiber 506b.
[0090] Still referring to Figure 10B, the stationary end
includes a stator 504 which mechanically orients all the
stationary components around the same. A rotor 505
configured to rotate relative to the stator 504 is shown.
A stationary electrical transformer section or component
is annularly disposed and concentric to the axis of rotation
of the joint 550. The stationary electrical transformer
component is disposed in an annular pocket or cavity
defined by the stator 504. The stationary transformer
component includes a ferrite core 509a and concentric
wire coils 511a embedded in the ferrite core 509a.
[0091] A stationary optical fiber 506a is affixed concen-
trically is a bore or channel disposed along the central
axis of the stator 504. A stationary channel 514a for the
electrical signal transmission lines is defined by the stator
504. The channel 514a is configured to allow the electri-
cal transmission lines 507a to exit the stator 504 and be
included in a cable 502a. Cable 502a provides a protec-
tive jacket and also provides strain relief for the optical
fiber 506a and the electrical signal transmission lines
507a. The cable 502a connects to one or more stationary
connectors 501a. Such as connector 501a is used to al-
low signals to be transmitted and received through the
electrical signal transmission lines 507a and the optical
fiber 506a.
[0092] The rotatable and stationary ends interface me-
chanically through the core bearing pair 510. The core
bearing pair 510, positioned at the interface of the rotor
505 and stator 504, allow rotation of the rotary end com-
ponents while maintaining concentricity of the rotor 505
to the stator 504. The stationary end is positioned within
the rotary joint housing 513 and compression fit or ad-
hered to ensure concentricity of the stator 504 to the ro-
tary joint housing 513. The rotary joint housing 513 and
the rotor 505 are designed to provide a gap between the
rotor 505 and the rotary joint housing 513 to allow for free
rotation.
[0093] The concentric wire coils 511a and 511b of the
electrical transformer can have an equal number of turns
or a ratio to adjust the impedance or voltage output. One
or both of these coils can also have a center tap allowing
access to the common mode of the signal lines. The ro-
tatable electrical transformer component and the station-
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ary electrical transformer component are separated by a
small gap 516. The gap 516 being in close proximity to
the core bearing pair 510 is susceptible to EMI created
by the motion of the components in the core bearing pair.
If the EMI from the bearing pair 510 is significant, the gap
516 can be shielded by extending the body of the stator
504 such that the gap 516 is covered by the stator 504.
Accordingly, in one embodiment, the width of the stator
which now terminates before gap 516 would extend over
the gap towards coil 509b. Thus, if the stator has a cy-
lindrical wall thickness that terminates before the gap that
thickness can be extended so one end face of the stator
extends beyond the gap. If the material used for the body
of the stator 504 does not possess good EMI shielding
properties the extension can be plated with a shielding
material. The stator extension is configured to leave a
gap between the stator 504 and rotor 505 allowing the
free motion of the rotatable end.
[0094] As shown in Figure 11A, another rotary joint 600
is depicted according to an embodiment of the invention.
In this embodiment the combined rotary joint has one
rotatable end, one stationary end, preloaded ball bearing
pairs 618 and 619, and a rotary joint housing 601. Addi-
tional details of the rotary joint of Figure 11A are shown
in the cross-sectional view of Figure 11B. The rotatable
end includes a rotor 602 which mechanically orients all
rotatable components around the axis of rotation. Within
an annular pocket or cavity defined by the rotor 602 a
rotatable electrical transformer component is affixed. The
rotatable transformer component includes a ferrite core
605 and concentric wire coils 606 embedded in the ferrite
core 605. The rotatable transformer component is annu-
larly disposed relative to the optical fiber 603 and optical
components 604.
[0095] A rotatable optical fiber 603 and optical compo-
nents 604 are affixed concentrically to a bore or channel
disposed along the central axis of the rotor 602. A rotat-
able connector extension 606 is affixed to the rotor and
is compression fit over a protuberance in the rotor 602.
This maintains concentricity of 606 to the axis of rotation
with respect to rotor and the stator.
[0096] Mounted onto the rotatable connector exten-
sion 606 is the rotatable fiber connector 608. A connector
hub 607 which houses the rotatable electrical connectors
609 is mounted onto the rotatable connector extension
604 and around the rotatable fiber connector 608. The
connector hub 607 can mechanically balance the rotat-
able components. Connector hub 607 corresponds to
145 in Figure 3B. A rotatable channel 622 is formed in
the rotatable connector extension 606 and the connector
hub 607. Rotatable channel 622 is arranged and config-
ured such that the electrical signal transmission lines 610
can travel to the rotatable electrical connectors 609 with-
out interference from the support bearing pair 619 or the
mechanical drive component 620.
[0097] The stationary end includes a stator 611 which
mechanically orients all the stationary components
around the same axis. A stationary electrical transformer

component is affixed to an annular pocket or cavity de-
fined by or formed in the stator 611. This stationary trans-
former component is annularly disposed and concentric
to the axis of rotation. The stationary transformer com-
ponent includes a ferrite core 613 and concentric wire
coils 614 embedded in the ferrite core 613. A stationary
optical fiber 612 is affixed concentrically to a bore or chan-
nel along the central axis of the stator 611.
[0098] A stationary channel for the electrical signal
transmission lines 615 is formed in or defined by the sta-
tor 611 to allow the electrical transmission lines 615 to
exit the stator 611 and be included in a cable 616. Cable
616 provides a jacket and strain relief for the optical fiber
612 and the electrical signal transmission lines 615.
Along the cable 616, a connection to one or more sta-
tionary connectors 617 is made. This connection allows
signals to be transmitted and received through the elec-
trical signal transmission lines 615 and the optical fiber
612.
[0099] The rotatable and stationary ends interface me-
chanically through two pairs of preloaded ball bearings,
the core bearing pair 618 and the support bearing pair
619. The core bearing pair 618, positioned at the interface
of the rotor 602 and stator 611, allow rotation of the rotary
end components while maintaining concentricity of the
rotor 602 to the stator 611. The support bearing pair 619,
positioned at the interface of the rotatable connector ex-
tension 606 and the rotary joint housing 601, provides
support for the load of the rotatable end while maintaining
concentricity of the rotatable end to the rotary joint hous-
ing 601 and therefore to the stationary end.
[0100] The stationary end is positioned within the ro-
tary joint housing 601 and secured with a tight fit to ensure
concentricity of the stator 611 to the rotary joint housing
601. The rotary joint housing 601 and the rotor 602 are
designed to provide a gap between the rotor 602 and the
rotary joint housing 601 to allow for free rotation. The
rotary joint housing 601 and the rotatable connector ex-
tension 606 are designed to leave a gap where the sup-
port bearing pair 619 will fit tightly. The rotary joint hous-
ing 601 is designed to leave exposed the rotatable elec-
trical connectors 609 and the rotatable fiber connector
608. The rotary joint housing 601 also includes an en-
gaging or drivable component 620 such as a gear. Var-
ious types of such drive components or engagement
components 620 can be used in other embodiments.
[0101] The concentric wire coils 606 and 614 of the
electrical transformer can have an equal number of turns
or a ratio to adjust the impedance or voltage output. One
or both of these coils can also have a center tap allowing
access to the common mode of the signal lines. The ro-
tatable electrical transformer section or component and
the stationary electrical transformer section or compo-
nent are separated by a small air gap 621. The gap 621
being in close proximity to the core bearing pair 618 and
the support bearing pair 619 could be susceptible to elec-
tromagnetic interference EMI created by the motion of
the components in the core bearing pair.
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[0102] If the EMI from the bearing pairs 618 and 619
is significant, the gap can be shielded by extending the
body of the stator 611 such that the gap 621 is covered
by the stator 611. Alternatively, if the material used for
the body of the stator does not possess suitable EMI
shielding properties the extension can be plated with a
shielding material. The extension will be designed to
leave a gap between the stator 611 and rotor 602 allowing
the free motion of the rotatable end.
[0103] Various components of an interface device are
shown in the cross-sectional perspective view of Figure
12A. Specifically, a stator 701 is shown relative to a rotor
705. The stator 701 is configured to define a cavity in
which one or more portions of a rotor 705 are disposed.
A stator bore is sized to receive a bearing pair which
includes bearing pair stationary races 739 and bearing
pair rotatable races 740. Although reference is made to
bearing pairs, in one embodiment one bearing or another
load bearing element suitable for facilitating rotor 705
movement relative to the stator 701 can be used.
[0104] The bearing pair balls 741 are disposed within
the races of the bearing pair races 739, 740 as shown.
Additionally, a stationary optical fiber 726 is disposed
within a stator core 701. The stator 701 generally remains
stationary. For example, it does not freely rotate relative
to some of the other components shown. The stationary
components such as the stator 701 and stationary optical
fiber are disposed to the right of the gap 725 define, at
least in part, by a rotatable transformer component or
assembly 724 and a stationary transformer component
or assembly 713.
[0105] The rotor 705 is rotatable and configured to ro-
tate during one or more phases of a pullback. To provide
coupling of the electrical signals used for an acoustic
wave transducer as part of ultrasound imaging, a station-
ary transformer portion which includes a plurality of sta-
tionary windings can be implemented as show by the
ferrite and wire coils 713. Similarly, a rotatable transform-
er portion which includes a plurality of rotatable windings
can be implemented as show by the ferrite and wire coils
724. Either of the portions of the transformer can be sep-
arated by an electrical transformer air gap 725. In turn,
just as the electrical system includes an arrangement of
a stationary component and rotatable component so to
do the optical elements which define sections of the sam-
ple arm of an interferometer. The rotatable optical fiber
727 sends and receives light via rotatable optical fiber
727 to stationary optical fiber 726.
[0106] In the description, the invention is discussed in
the context of optical coherence tomography; however,
these embodiments are not intended to be limiting and
those skilled in the art will appreciate that the invention
can also be used for other imaging and diagnostic mo-
dalities or optical systems in general.
[0107] The terms light and electromagnetic radiation
are used interchangeably herein such that each term in-
cludes all wavelength (and frequency) ranges and indi-
vidual wavelengths (and frequencies) in the electromag-

netic spectrum. Similarly, the terms device and apparatus
are also used interchangeably. In part, embodiments of
the invention relate to or include, without limitation: sourc-
es of electromagnetic radiation and components thereof;
systems, subsystems, and apparatuses that include
such sources; mechanical, optical, electrical and other
suitable devices that can be used as part of or in com-
munication with the foregoing; and methods relating to
each of the forgoing. Accordingly, a source of electro-
magnetic radiation can include any apparatus, matter,
system, or combination of devices that emits, re-emits,
transmits, radiates or otherwise generates light of one or
more wavelengths or frequencies.
[0108] One example of a source of electromagnetic
radiation is a laser. A laser is a device or system that
produces or amplifies light by the process of stimulated
emission of radiation. Although the types and variations
in laser design are too extensive to recite and continue
to evolve, some non-limiting examples of lasers suitable
for use in embodiments of the invention can include tun-
able lasers (sometimes referred to as swept source la-
sers), superluminescent diodes, laser diodes, semicon-
ductor lasers, mode-locked lasers, gas lasers, fiber la-
sers, solid-state lasers, waveguide lasers, laser amplifi-
ers (sometimes referred to as optical amplifiers), laser
oscillators, and amplified spontaneous emission lasers
(sometimes referred to as mirrorless lasers or superra-
diant lasers).
[0109] The aspects, embodiments, features, and ex-
amples of the invention are to be considered illustrative
in all respects and are not intended to limit the invention,
the scope of which is defined only by the claims. Other
embodiments, modifications, and usages will be appar-
ent to those skilled in the art without departing from the
spirit and scope of the claimed invention.
[0110] The use of headings and sections in the appli-
cation is not meant to limit the invention; each section
can apply to any aspect, embodiment, or feature of the
invention.
[0111] Throughout the application, where composi-
tions are described as having, including, or comprising
specific components, or where processes are described
as having, including or comprising specific process steps,
it is contemplated that compositions of the present teach-
ings also consist essentially of, or consist of, the recited
components, and that the processes of the present
teachings also consist essentially of, or consist of, the
recited process steps.
[0112] In the application, where an element or compo-
nent is said to be included in and/or selected from a list
of recited elements or components, it should be under-
stood that the element or component can be any one of
the recited elements or components and can be selected
from a group consisting of two or more of the recited
elements or components. Further, it should be under-
stood that elements and/or features of a composition, an
apparatus, or a method described herein can be com-
bined in a variety of ways without departing from the spirit
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and scope of the present teachings, whether explicit or
implicit herein.
[0113] The use of the terms "include," "includes," "in-
cluding," "have," "has," or "having" should be generally
understood as open-ended and non-limiting unless spe-
cifically stated otherwise.
[0114] The use of the singular herein includes the plu-
ral (and vice versa) unless specifically stated otherwise.
Moreover, the singular forms "a," "an," and "the" include
plural forms unless the context clearly dictates otherwise.
In addition, where the use of the term "about" is before
a quantitative value, the present teachings also include
the specific quantitative value itself, unless specifically
stated otherwise.
[0115] It should be understood that the order of steps
or order for performing certain actions is immaterial so
long as the present teachings remain operable. Moreo-
ver, two or more steps or actions may be conducted si-
multaneously.
[0116] It is to be understood that the figures and de-
scriptions of the invention have been simplified to illus-
trate elements that are relevant for a clear understanding
of the invention, while eliminating, for purposes of clarity,
other elements. Those of ordinary skill in the art will rec-
ognize, however, that these and other elements may be
desirable. However, because such elements are well
known in the art, and because they do not facilitate a
better understanding of the invention, a discussion of
such elements is not provided herein. It should be ap-
preciated that the figures are presented for illustrative
purposes and not as construction drawings. Omitted de-
tails and modifications or alternative embodiments are
within the purview of persons of ordinary skill in the art.
[0117] The examples presented herein are intended
to illustrate potential and specific implementations of the
invention. It can be appreciated that the examples are
intended primarily for purposes of illustration of the in-
vention for those skilled in the art. There may be varia-
tions to these diagrams or the operations described here-
in without departing from the spirit of the invention.
[0118] Furthermore, whereas particular embodiments
of the invention have been described herein for the pur-
pose of illustrating the invention and not for the purpose
of limiting the same, it will be appreciated by those of
ordinary skill in the art that numerous variations of the
details, materials and arrangement of elements, steps,
structures, and/or parts may be made within the principle
and scope of the invention without departing from the
invention as described in the claims.
[0119] Various examples are set out in the following
numbered paragraphs (NPs).

NP 1. An interface unit comprising:

a catheter connector configured to receive a dis-
posable imaging probe comprising a rotatable
optical fiber segment configured to transmit
light, and a catheter body;

a stationary optical fiber segment configured to
transmit the light;
an optical rotary joint comprising an optical cou-
pler configured to couple the stationary optical
fiber segment to the rotatable optical fiber seg-
ment; and
an electrical rotary joint comprising

a first annular ring defining a first annular
opening and comprising a first conductive
winding and
a second annular ring defining a second an-
nular opening and comprising a second
conductive winding, wherein a first gap is
defined between the first conductive wind-
ing and the second conductive winding and
an elongate cavity is defined by the first and
second annular openings,
wherein the optical rotary joint and the elec-
trical rotary joint are substantially coaxial
and the light passes through the elongate
cavity.

NP 2. The interface unit of NP 1 further comprising

a stator defining a stator bore; and

a rotor defining a rotor bore, wherein the station-
ary optical fiber segment is concentrically dis-
posed in the stator bore.

NP 3. The interface unit of NP 1 wherein the optical
coupler is disposed within the elongate cavity.

NP 4. The interface unit of NP 3 wherein the first
conductive winding is disposed in a first ferrite ring
and the second conductive winding is disposed in a
second ferrite ring, wherein the ferrite rings are sub-
stantially parallel.

NP 5. The interface unit of NP 2 wherein the rotor is
at least partially disposed in the stator bore.

NP 6. The interface unit of NP 2 wherein the stator
is at least partially disposed in the rotor bore.

NP 7. The interface unit of NP 1 wherein the first gap
ranges from about 20 microns to about 100 microns.

NP 8. The interface unit of NP 1 wherein the second
rotatable optical fiber segment and the fiber optic
rotary joint are at least partially disposed in the elon-
gate cavity and one or more of the conductive wind-
ings are annularly disposed around the fiber optic
rotary joint.

NP 9. The interface unit of NP 1 wherein the first
conductive windings are stationary windings and the

27 28 



EP 4 316 382 A2

16

5

10

15

20

25

30

35

40

45

50

55

stationary optical fiber and stationary windings are
connected to the stator.

NP 10. The interface unit of NP 1 wherein the second
conductive windings are rotatable windings and the
rotary optical fiber segment and rotatable windings
are connected to the rotor.

NP 11. The interface unit of NP 1 wherein a ratio of
a number of turns in the first conductive winding to
a number of turns in the second conductive winding
ranges from about .25 to about 4. each other of 2:1
or 4:1 to adjust for impedance mismatch or increase
the signal return voltage.

NP 12. The interface unit of NP 9 further comprising
a center tap connection with one or more stationary
windings configured to reduce common mode noise.

NP 13. The interface unit of NP 1 wherein the stator
comprises an outer surface wherein the outer sur-
face extends to cover the first gap.

NP 14. The interface unit of NP 13 wherein a portion
of the outer surface comprises an EMI shielding ma-
terial.

NP 15. The interface unit of NP 1 further comprising
a motor configured to rotate the rotatable optical fiber
segment.

NP 16. The interface unit of NP 14 wherein the cath-
eter connector comprises a rotatable electrical wire.

NP 17. The interface unit of NP 1 further comprising
a connector hub configured to rotationally balance
one or more rotatable components of the interface
unit.

NP 18. The interface unit of NP 1 wherein the optical
rotary joint and the electrical rotary joint are arranged
along a common axis of rotation.

NP 19. The interface unit of NP 1 wherein the cath-
eter connector comprises a rotatable electrical wire.

NP 20. The interface unit of NP 1 further comprising
a substantially cylindrical tube comprising a cylindri-
cal surface defining an elongate channel configured
to receive the rotatable electrical wire or a conductor
in electrical communication with the electrical rotat-
able wire.

NP 21. The interface unit of NP 20 wherein the first
conductive winding is rotatable and the second con-
ductive winding is stationary.

NP 22. An interface unit comprising:

a catheter connector configured to receive a dis-
posable imaging probe comprising a rotatable
optical fiber segment configured to transmit light
along an optical path, a rotatable acoustic signal
conductor, and a catheter body;
a stationary optical fiber segment configured to
transmit the light and define the optical path;
an optical coupler configured to couple the sta-
tionary optical fiber segment to the rotatable op-
tical fiber segment, wherein a first gap is defined
between the rotatable optical fiber segment and
the stationary optical fiber segment; and
an electrical rotary joint comprising
a first conductive winding and a second conduc-
tive winding, wherein a second gap is defined
between the first conductive winding and the
second conductive winding, wherein the rotata-
ble acoustic signal conductor is in electrical com-
munication with the first conductive winding;
an elongate cavity defined between the first con-
ductive winding and the second conductive
winding;
wherein the optical coupler and the electrical ro-
tary joint are substantially coaxial and wherein
the optical path spans the elongate cavity and
the first gap.

NP 23. The interface unit of NP 22 wherein the first
conductive winding is disposed in a first ferrite ring
and the second conductive winding is disposed in a
second ferrite ring, wherein the ferrite rings are sub-
stantially parallel.

NP 24. The interface unit of NP 22 wherein the optical
coupler, the electrical rotary joint and the rotatable
acoustic signal conductor are arranged to rotate
about an axis of rotation.

NP 25. The interface unit of NP 22 wherein the optical
path further spans the second gap.

NP 26. The interface unit of NP 22 wherein the optical
path is a section of a sample arm of an interferom-
eter.

NP 27. An interface device comprising:

a cover;

an aperture defined by the cover;

a stationary section of a sample arm of an inter-
ferometer disposed within the cover and com-
prising a stationary optical fiber section having
an endface;

a first rotatable connector defining a first bore,
the first bore positioned in alignment relative to
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the aperture and disposed within the cover;

a sacrificial connector;

a second rotatable connector defining a second
hole, the first second positioned in alignment rel-
ative to the aperture, wherein the first rotatable
connector and the second rotatable connector
sandwich the sacrificial connector and;

a first motor disposed within the cover, the first
motor configure to rotate the second rotatable
connector.

NP 28. The interface device of NP 27 wherein the
first rotatable connector comprises a first assembly
and a second assembly, wherein the first assembly
comprises an electrical contact, wherein the second
assembly comprises a counterbalance.

NP 29. The interface device of NP 27 further com-
prising an electrical signal coupling subsystem com-
prising a rotatable transformer component and a sta-
tionary transformer component.

NP 30. The interface device of NP 27 further com-
prising an optical signal coupling subsystem com-
prising a rotatable optical component and a station-
ary optical component.

NP 31. The interface device of NP 27 further com-
prising an optical connector disposed within the ro-
tatable optical connector.

NP 32. The interface device of NP 27 further com-
prising an elongate probe connector comprising one
or more posts extending therefrom.

NP 33. The interface device of NP 27 further com-
prising a rotatable section of a sample arm of an
interferometer wherein the rotatable section is
aligned with the aperture.

Claims

1. An interface device comprising:

a cover;
an aperture defined by the cover;
a stationary section of a sample arm of an inter-
ferometer disposed within the cover and com-
prising a stationary optical fiber section having
an endface;
a first rotatable connector defining a first bore,
the first bore positioned in alignment relative to
the aperture and disposed within the cover;
a replaceable sacrificial connector;

a second rotatable connector defining a second
hole, the first second positioned in alignment rel-
ative to the aperture, wherein the first rotatable
connector and the second rotatable connector
sandwich the replaceable sacrificial connector
and;
a first motor disposed within the cover, the first
motor configured to rotate the second rotatable
connector.

2. The interface device of claim 1 wherein the first ro-
tatable connector comprises a first assembly and a
second assembly, wherein the first assembly com-
prises an electrical contact, wherein the second as-
sembly comprises a counterbalance.

3. The interface device of claim 1 further comprising an
electrical signal coupling subsystem comprising a ro-
tatable transformer component and a stationary
transformer component.

4. The interface device of claim 1 further comprising an
optical signal coupling subsystem comprising a ro-
tatable optical component and a stationary optical
component.

5. The interface device of claim 1 further comprising an
optical connector disposed within the rotatable opti-
cal connector.

6. The interface device of claim 1 further comprising an
elongate probe connector comprising one or more
posts extending therefrom.

7. The interface device of claim 1 further comprising a
rotatable section of the sample arm of the interfer-
ometer wherein the rotatable section is aligned with
the aperture.
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