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Description
Related Application

[0001] This application is a continuation of and claims
priority to and the benefit of U.S. Patent Application Serial
No. 12/340,350, filed December 19, 2008, which claims
priority to and the benefit of U.S. Provisional Patent Ap-
plication No. 61/015,720, filed on December 21, 2007.
This application also claims priority to and the benefit of
U.S. Provisional Patent Application Serial No.
61/015,720, filed December 21, 2007.

Background

[0002] Embodiments relate generally to optical medi-
cal devices, and, in particular, to methods and apparatus
related to a connector portion of a laser-energy-delivery
device.

[0003] A variety of known endoscope types can be
used during a medical procedure related to, for example,
a ureteroscopy or colonscopy. Some of these known en-
doscope types include and/or can be used with a laser-
energy-delivery device configured for treatment of a tar-
get area (e.g., a tumor, a lesion, a stricture). The laser-
energy-delivery device can include an optical fiber
through which laser energy is delivered to the target area
from a laser energy source. Laser energy from the laser
energy source can be emitted into a proximal end (also
can be referred to an entry end) of the optical fiber and
propagated along the optical fiber until the laser energy
is delivered to the target area out of a distal end of the
optical fiber.

[0004] Laser energy that is not completely delivered
into the proximal end of the optical fiber (can be referred
to as stray laser energy or leaked laser energy) can ad-
versely affect the mechanical properties and/or optical
properties of the laser-energy-delivery system. For ex-
ample, the stray laser energy can result in inefficient de-
livery of laser energy and/or damage to the laser-energy-
delivery system. In some cases, an optical fiber can be
susceptible to burning and/or breaking during operation
when stray laser energy enters into and weakens a coat-
ing around the optical fiber. The stray laser energy can
enter into, for example, a cladding layer of the optical
fiber and can overfill the cladding in an undesirable fash-
ion (e.g., a damaging fashion) when the optical fiber is
bent during operation. The stray laser energy can be
caused by misalignment of an output focal spot of the
laser energy source with the proximal end of the optical
fiber because of, for example, improper maintenance of
the laser energy source or focal spot drift.

[0005] Although known coupling components (e.g., ta-
pered coupling components) have been designed to deal
with stray laser energy, these known coupling compo-
nents can lack stability, can increase the effective nu-
merical aperture (NA) of guided light which can lead to
premature failure of a laser fiber when bent, redirect laser
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energy inefficiently, are relatively expensive to manufac-
ture, and/or require relatively large heat sinks. Thus, a
need exists for a coupling component that can increase
the longevity of a laser-energy-delivery system, increase
laser energy transmission efficiency, and/or reduce heat
sink requirements. Examples of coupling components
are disclosed in patent documents US 2007/0122084 A1
and US 6282349 B1.

Summary

[0006] An apparatus according to the invention is de-
fined in appended claim 1. In one embodiment, the ap-
paratus includes an optical fiber made of a silica-based
material. A proximal end portion of the optical fiber has
an outer-layer portion. The proximal end portion can be
included in at least a portion of a launch connector con-
figured to receive electromagnetic radiation. The appa-
ratus also includes a component that has a bore there-
through and can be made of a doped silica material. The
bore can have an inner-layer portion heat-fused to the
outer-layer portion of the optical fiber. The component
can also have an index of refraction lower than an index
of refraction associated with the outer-layer portion of the
optical fiber. Moreover, a method according to the inven-
tion is defined in appended claim 8.

Brief Description of the Drawings

[0007] FIG. 1 is a schematic diagram of a side cross-
sectional view of a connector portion of a laser-energy-
delivery device, according to an embodiment.

[0008] FIG. 2Ais a schematic diagram of a side cross-
sectional view of a connector portion of a laser-energy-
delivery device, according to an embodiment.

[0009] FIG. 2B is a schematic diagram of the proximal
end of the connector portion shown in FIG. 2A, according
to an embodiment.

[0010] FIG. 3 is a flow chart that illustrates a method
for producing a connector portion of a laser-energy-de-
livery device, according to an embodiment.

[0011] FIG. 4 is a schematic diagram that illustrates a
side cross-sectional view of a doped silica capillary that
has a receiving portion, according to an embodiment.
[0012] FIG. 5is a schematic diagram that illustrates at
least aportion of alaser-energy-delivery device disposed
within a housing assembly, not covered by the claims.
[0013] FIG. 6 is a schematic diagram of a side cross-
sectional view of a capillary holder, according to an em-
bodiment.

[0014] FIG. 7 is a schematic diagram of a side cross-
sectional view of an alignment assembly, according to
an embodiment.

[0015] FIG. 8Ais a schematic diagram of a side cross-
sectional view of a grip assembly 895, according to an
embodiment.

[0016] FIG. 8B is a schematic diagram of an enlarged
view of the side cross-sectional view of the grip assembly
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shown in FIG. 8A, according to an embodiment.
Detailed Description

[0017] A laser-energy-delivery device can be config-
ured to receive laser energy emitted (also can be referred
to as being launched) from a laser energy source. Spe-
cifically, the laser-energy-delivery device can receive the
laser energy at a connector portion of the laser-energy-
delivery device. The connector portion can be at a prox-
imal end portion (can be referred to as an entry end por-
tion) of the laser-energy-delivery device. In some em-
bodiments, the connector portion can be referred to as
a launch connector portion or as a launch connector be-
cause laser energy can be emitted into (e.g., launched
into) the connector portion. The laser-energy-delivery de-
vice also includes an optical fiber coupled to the connec-
tor portion of the laser-energy-delivery device. Laser en-
ergy can be propagated within the optical fiber coupled
to the connector portion until the laser energy is trans-
mitted from the distal end of the optical fiber toward, for
example, a target treatment area within a body of a pa-
tient. The connector portion includes a doped silica com-
ponent that has an inner surface heat-fused to an outer
portion of the optical fiber. All or substantially all of the
surface area of the inner surface of the doped silica com-
ponent can be heat-fused to the outer portion of the op-
tical fiber. In some embodiments, the doped silica com-
ponent can be referred to as a doped silica capillary or
as a doped silica ferrule.

[0018] The optical fiber is a silica-based optical fiber
and includes a fiber core, one or more cladding layers
(e.g., a cladding layer disposed around the fiber core), a
buffer layer (e.g.. a buffer layer disposed around a clad-
ding layer), and/or a jacket (e.g., a jacket disposed
around a buffer layer). In some embodiments, a numer-
ical aperture of the fiber core with respect to one or more
cladding layers around the fiber core can be between 0.1
and 0.3. In some embodiments, a numerical aperture of
the cladding layer(s) with respect to the buffer layer can
be between 0.2 and 0.6. At least a portion of the cladding
layer(s), the buffer layer, and/or the jacket is stripped
from the optical fiber before the doped silica component
is heat-fused to the optical fiber. At least a portion of the
doped silica component (e.g., the inner surface of the
doped silica component) can have an index of refraction
lower than anindex of refraction associated with the outer
portion of the optical fiber. The doped silica component
can be doped with a concentration of a dopant (e.g., a
fluorine dopant, a chlorine dopant, a rare-earth dopant,
an alkali metal dopant, an alkali metal oxide dopant, etc.)
that can, at least in part, define the index of refraction of
the doped silica component.

[0019] Because of the difference in the respective in-
dices of refraction of the doped silica component and the
outer portion of the optical fiber (e.g., cladding layer),
laser energy (e.g., stray laser energy) from within the
optical fiber and incident on an interface defined by the
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doped silica component and the outer portion of optical
fiber is totally or substantially totally internally reflected
within the optical fiber. In some embodiments, stray laser
energy that is, for example, not totally or substantially
totally internally reflected can be absorbed within the
doped silica component.

[0020] A proximal end of the connector end portion of
the laser-energy-delivery device can be defined so that
it is flat and within a plane that is substantially normal to
a longitudinal axis (or centerline) of the laser-energy-de-
livery device. In some embodiments, the doped silica
component can be formed from, for example, a doped
silica pre-form before being fused to an optical fiber. The
connector portion of the laser-energy-delivery device can
be coupled to (e.g.. adhesively bonded to, press fit with)
a component such as a metal ferrule, a housing, and/or
a grip member. In some embodiments, the optical fiber
can have a spherical distal end portion, a straight-firing
distal end portion, or can have a side-firing distal end
portion.

[0021] Itis noted that, as used in this written description
and the appended claims, the singular forms "a," "an"
and "the"include plural referents unless the contextclear-
ly dictates otherwise. Thus, for example, the term "a
wavelength" is intended to mean a single wavelength or
a combination of wavelengths. Furthermore, the words
"proximal" and "distal" refer to direction closer to and
away from, respectively, an operator (e.g., a medical
practitioner, a nurse, a technician, etc.) who would insert
the medical device into the patient. Thus, for example, a
laser energy deliver device end inserted inside a patient’s
body would be the distal end of the laser energy deliver
device, while the laser energy deliver device end outside
a patient’'s body would be the proximal end of the laser
energy deliver device.

[0022] FIG. 1 is a schematic diagram of a side cross-
sectional view of a connector portion 120 of a laser-en-
ergy-delivery device 100, according to an embodiment.
The laser-energy-delivery device 100 can be associated
with (e.g., used in conjunction with) an endoscope (not
shown). The connector portion 120 of the laser-energy-
delivery device 100, which is at a proximal end portion
102 of the laser-energy-delivery device 100 (also a prox-
imal end portion 102 of a doped silica component 110),
is configured to receive laser energy Q emitted from a
laser energy source 20. The laser energy source 20 can
be, for example, a holumium (Ho) laser source, a hol-
mium:YAG (Ho:YAG) laser source, aneodymium-doped:
YAG (Nd:YAG) laser source, a semiconductor laser di-
ode, and/or a potassium-titanyl phosphate crystal (KTP)
laser source. In some embodiments, the numerical ap-
erture of laser energy emitted from the laser energy
source 20 can be between 0.1 and 0.4. The laser energy
Q can be associated with a range of electromagnetic ra-
diation from an electromagnetic radiation spectrum.
[0023] The laser energy Q emitted from the laser en-
ergy source 20 and received at the connector portion 120
of the laser-energy-delivery device 100 can be propagat-
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ed along an optical fiber 150 until at least a portion of the
laser energy Q is transmitted from a distal end portion
104 of the laser-energy-delivery device 100. In other
words, the optical fiber 150 can function as a wave-guide
for the laser energy Q.

[0024] The optical fiber 150 is a silica-based optical
fiber and can have, for example, a fiber core (not shown
in FIG. 1). In some embodiments, the fiber core can be
made of a suitable material for the transmission of laser
energy Q from the laser energy source 20. In some em-
bodiments, for example, the fiber core can be made of
silica with alow hydroxyl (OH-) ion residual concentration.
Laser energy wavelengths ranging from about 500 nm
to about 2100 nm can be propagated within the fiber core
during a surgical procedure. An example of low hydroxyl
(low-OH) fibers used in medical devices is described in
U.S. Patent No. 7,169,140 to Kume. The fiber core can
be a multi-mode fiber core and can have a step or graded
index profile. The fiber core can also be doped with a
concentration of a dopant (e.g., an amplifying dopant).
[0025] The optical fiber 150 can also have one or more
cladding layers (not shownin FIG. 1) and/or a buffer layer
(notshown in FIG. 1) such as an acrylate layer. The fiber
core and/or cladding layer(s) can be pure silica and/or
doped with, for example, fluorine. The cladding can be,
for example, a single or a double cladding that can be
made of a hard polymer or silica. The buffer layer can be
made of a hard polymer such as Tefzel®, for example.
When the optical fiber 150 includes a jacket (not shown
inFIG. 1),the jacket can be made of Tefzel®, forexample,
or can be made of other polymer-based substances.
[0026] Although not shown in FIG. 1, the laser energy
source 20 can have a control module (not shown) con-
figured to control (e.g., set, modify) a timing, a wave-
length, and/or a power of the emitted laser energy Q. In
some embodiments, the laser energy Q can have a power
of between 1 watt and 10 kilowatts. In some embodi-
ments, the control module can also be configured to per-
form various functions such as laser selection, filtering,
temperature compensation, and/or Q-switching. The
control module can be a hardware-based control module
and/or a software-based control module that caninclude,
for example, a processor and/or a memory.

[0027] The connector portion 120 has a doped silica
component 110 fused to the optical fiber 150 at the prox-
imal end portion 102 of the laser-energy-delivery device
100. As shown in FIG. 1, the optical fiber 150 is disposed
within at least a portion of the doped silica component
110. In some embodiments, the doped silica component
110 can be referred to as a doped silica ferrule, a doped
silica capillary, or adoped silica tube. More details related
to the dimensions of the doped silica component 110 and
the optical fiber 150 are described in connection with FIG.
2 and FIG. 3. In some embodiments, a metal ferrule (not
shown in FIG. 1) or a housing (not shown in FIG. 1), for
example, can be coupled to the doped silica component
110. More details related to components that can be cou-
pled to the doped silica component 110 are described in
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connection with FIGS. 4 through 8B.

[0028] The doped silica component 110 is doped such
that an index of refraction of at least an inner surface 114
of the doped silica component 110 is lower than or equal
to an index of refraction of an outer surface 152 of the
optical fiber 150. In some embodiments, the doped silica
component 110 can be doped with a concentration of
fluorine. In some embodiments, the doped silica compo-
nent 110 can be uniformly doped or doped in a non-uni-
form (e.g., graded) fashion. Because of the difference in
the indices of refraction, a portion of the laser energy Q
propagated within the optical fiber 150 and incident on
an interface 112 defined by the inner surface 114 of the
doped silica component 110 and the outer surface 152
of the optical fiber 150 can be totally or substantially to-
tally internally reflected within the optical fiber 150. If the
optical fiber 150 has a cladding layer (not shown), a por-
tion of the laser energy Q propagated within the cladding
layer and incident on the interface 112 can be totally or
substantially totally internally reflected within the clad-
ding layer. If the index of refraction of the doped silica
component 110 were, for example, substantially equal
to that of the outer surface 152 of the optical fiber 150,
anundesirable (e.g., adamaging) percentage of the laser
energy Q could be transmitted into the doped silica com-
ponent 110 and into, for example, surrounding compo-
nents.

[0029] Insome embodiments, the interface 112 canbe
configured to redirect a portion of the laser energy Q (e.g.,
stray laser energy) emitted near the interface 112 be-
cause of, for example, misalignment of the laser energy
source 20 with the connector portion 120. In some em-
bodiments, a portion ofthe laser energy Q emitted directly
into the doped silica component 110 can be at least par-
tially absorbed within the doped silica component 110.
Misalignment can be caused by improper alignment of
the laser energy source 20 with the connector portion
120. Misalignment can also be caused by driftin targeting
of emitted laser energy Q by the laser energy source 20
and/or thermo-lensing effects associated with the laser
energy source 20.

[0030] During manufacture, at least a portion of the
doped silica component 110 is heat-fused to the optical
fiber 150. Specifically, at least a portion of the doped
silica component 110 and the optical fiber 150 are heated
so that the inner surface 114 of the doped silica compo-
nent 110 is fused to the outer surface 152 of the optical
fiber 150. In some embodiments, multiple areas (e.g.,
longitudinally discontinuous) along a length 118 of the
doped silica component 110 can be heat-fused to the
optical fiber 150. The areas may or may not continuously
surround (e.g., circumferentially surround) the optical fib-
er 150. For example, a portion of the doped silica com-
ponent 110 near or at the proximal end portion 102 of
the doped silica component 110 and/or a portion of the
doped silica component 110 near or at a distal end 103
of the doped silica component 110 can be heat-fused to
the optical fiber 150. In some embodiments, a top surface
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area portion and/or a bottom surface area portion of the
optical fiber 150 can be heat-fused to the inner surface
114 of the doped silica component 110 without heat-fus-
ing the remaining portions (e.g., the bottom surface area
portion of the top surface area portion, respectively).
More details related to a method for heat-fusing the
doped silica component 110 to the optical fiber 150 are
described in connection with FIG. 3.

[0031] Insome embodiments, the doped silica compo-
nent 110 can be made separately from the optical fiber
150 and shaped so that the optical fiber 150 can be in-
serted into the doped silicacomponent 110. Forexample,
in some embodiments, the doped silica component 110
can have a cylindrical shape and a circular bore (e.g., a
lumen) within which the optical fiber 150 can be inserted.
[0032] In some embodiments, the laser-energy-deliv-
ery device 100 can be used within an endoscope (not
shown) that can define one or more lumens (sometimes
referred to as working channels). In some embodiments,
the endoscope can include a single lumen that can re-
ceive therethrough various components such as the la-
ser-energy-delivery device 100. The endoscope can
have a proximal end configured to receive the distal end
portion 104 of the laser-energy-delivery device 100 and
adistal end configured to be inserted into a patient’s body
for positioning the distal end portion 104 of the laser-
energy-delivery device 100 in an appropriate location for
a laser-based surgical procedure. The endoscope can
include an elongate portion that can be sufficiently flex-
ible to allow the elongate portion to be maneuvered within
the body. In some embodiments, the endoscope can be
configured for use in a ureteroscopy procedure.

[0033] The endoscope can also be configured to re-
ceive various medical devices or tools through one or
more lumens of the endoscope, such as, for example,
irrigation and/or suction devices, forceps, drills, snares,
needles, etc. An example of such an endoscope with
multiple lumens is described in U.S. Patent No.
6,296,608 to Daniels et al.. In some embodiments, a fluid
channel (not shown) is defined by the endoscope and
coupled at a proximal end to a fluid source (not shown).
The fluid channel can be used to irrigate an interior of
the patient’s body during a laser-based surgical proce-
dure. In some embodiments, an eyepiece (not shown)
can be coupled to a proximal end portion of the endo-
scope, for example, and coupled to a proximal end por-
tion of an optical fiber that can be disposed within alumen
of the endoscope. Such an embodiment allows a medical
practitioner to view the interior of a patient’s body through
the eyepiece.

[0034] FIG. 2Ais a schematic diagram of a side cross-
sectional view of a connector portion 225 of a laser-en-
ergy-delivery device 250, according to an embodiment.
The laser-energy-delivery device 250 includes an optical
fiber 251. As shown in FIG. 2A, a doped silica capillary
200 is heat-fused to a first portion 227 of a cladding layer
254 of the optical fiber 251. The first portion 227 is at a
proximal end portion 207 of the optical fiber 251. The
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cladding layer 254 is disposed around a fiber core 252
of the optical fiber 251. A coating 256 is disposed around
a second portion 229 of the cladding layer 254 of the
optical fiber 251 and a jacket 260 is disposed around the
coating 256. In some embodiments, the coating 256 can
be, for example, an acrylate coating such as afluorinated
acrylate coating. The coating 256 can also be referred
to as a buffer layer. In some embodiments, the jacket
260 can be made of a polymer-based material such as
an ethylene tetrafluoroethylene (ETFE) copolymer
and/or a nylon-based material. The second portion 229
of the cladding layer 254 is distal to the first portion 227
of the cladding layer 254. In some embodiments, the op-
tical fiber 251 can have multiple cladding layers (not
shown).

[0035] Laserenergy (not shown) emitted into the con-
nector portion 225 of the laser-energy-delivery device
250 can be propagated along the optical fiber 251 and
transmitted out of a distal end 290 of the optical fiber 251.
Although the portions (e.g., cladding layer 254) included
within the laser-energy-delivery device 250 can have a
variety of cross-sectional shapes such as ovals, and so
forth, the portions are shown and described as circular-
shaped portions.

[0036] In some embodiments, the doped silica capil-
lary 200 can have a length 203 of, for example, 1 cen-
timeter (cm) to 8 cm. In some embodiments, the length
203 of the doped silica capillary 200 can be less than 1
cm. In some embodiments, the length 203 of the doped
silica capillary 200 can be greater than 8 cm. In this em-
bodiment, the entire length 203 of an inner surface 201
of the doped silica capillary 200 is heat-fused to the clad-
ding layer 254 of the optical fiber 251. In some embodi-
ments, the heat-fused portion (e.g., the heat-fused area)
can be less than the entire length 203 of the doped silica
capillary 200. In some embodiments, the length of the
heat-fused portion can vary depending on the length 203
of the doped silica capillary 200. For example, if the
doped silica capillary 200 is greater than 3 cm, less than
the entire length 203 of the doped silica capillary 200 can
be heat-fused to the cladding layer 254.

[0037] The fiber core 252 of the optical fiber 251 can
have an outer diameter A, for example, between approx-
imately 20 micrometers (uwm) to 1200 wm. The cladding
layer 254 of the optical fiber 251 can have a thickness
B, for example, between approximately 5 pm to 120 pm.
In some embodiments, the outer diameter (not shown)
of the cladding layer 254 can be 1 to 1.3 times the outer
diameter A of the fiber core 252 of the optical fiber 251.
[0038] The coating 256 ofthe optical fiber 251 can have
athickness C, for example, between approximately 5 pum
to 60 wm. The thickness of the coating 256 of the optical
fiber 251 can be defined to increase the mechanical
strength of the optical fiber 251 during flexing of the op-
tical fiber 251. The jacket 260 of the optical fiber 251 can
have a thickness D, for example, between approximately
5 wmto 500 um. The doped silica capillary 200 can have
a thickness E, for example, between 20 pum and several
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millimeters (mm).

[0039] The doped silica capillary 200 can be cut from
a doped silica pre-form and heat-fused to the first portion
227 of the cladding layer 254 after portions of the coating
256 and the jacket 260 are stripped from the first portion
227 of the cladding layer 254. A relatively strong bond
that is resistant to tensile forces (e.g., forces in the direc-
tion of a longitudinal axis 257 (or centerline) of the optical
fiber 251) can be formed between the doped silica cap-
illary 200 and the cladding layer 254 when they arc heat-
fused together. The doped silica capillary 200 and the
cladding layer 254 can be heat-fused so that structural
failure (e.g., separation) caused, for example, by shear-
ing strain at specified tensile force levels can be substan-
tially avoided. In other words, the heat-fused area can
be sufficiently large to provide mechanical stability (e.g.,
resistance to shear forces) between the cladding layer
254 and the doped silica capillary 200. For example, the
cladding layer 254 with a diameter of approximately 150
pm can be heat-fused with the doped silica capillary 200
so that the cladding layer 254 will not separate from the
doped silica capillary 200 when up to approximately 3
pounds of force (e.g., tensile force) is applied between
the doped silica capillary 200 and the cladding layer 254.
[0040] Inthis embodiment, an index of refraction of the
doped silica capillary 200 is lower than an index of re-
fraction of the cladding layer 254. Also, the index of re-
fraction of the cladding layer 254 is lower than an index
of refraction of the fiber core 252. The coating 256 has
an index of refraction that is lower than the index of re-
fraction of the cladding layer 254. In some embodiments,
the coating 256 can have an index of refraction that is
higher, lower, or substantially the same as the index of
refraction of the doped silica capillary 200.

[0041] Asshownin FIG. 2A, a proximal end 202 of the
connector portion 225 of the laser-energy-delivery device
250 is within a single plane 205. The plane 205 is sub-
stantially normal to the longitudinal axis 257 (or center-
line) of the optical fiber 251. In other words, the proximal
end 202 of the connector portion 225 of the laser-energy-
delivery device 250 is flat or substantially flat. After the
doped silica capillary 200 is heat-fused to the cladding
layer 254, the proximal end 202 of the connector portion
225 of the laser-energy-delivery device 250 can be mod-
ified (e.g., mechanically polished, modified using laser
energy) until it is flat or substantially flat.

[0042] Although not shown, in some embodiments, the
proximal end 202 of the connector portion 225 of the la-
ser-energy-delivery device 250 can have a lens. For ex-
ample, a lens can be coupled (e.g., bonded, fused) to
the proximal end 202. In some embodiments, a lens can
be formed from the doped silica capillary 200, cladding
layer 254, and/or, fiber core 252 of the optical fiber 251.
[0043] Although notshown, in some embodiments, the
proximal end 202 of the connector portion 225 is not flat.
In some embodiments, for example, the cladding layer
254 and/or the fiber core 252 can be configured to pro-
trude proximal to a proximal end of the doped silica cap-
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illary 200. In other words, a proximal portion of the clad-
ding layer 254 and/or a proximal portion of the fiber core
252 can protrude proximal to the proximal end 202 of the
connector portion 225, which is within plane 205. Insome
embodiments, a proximal end of the doped silica capillary
200 is configured to protrude proximally over a proximal
end of the cladding layer 254 and/or a proximal end of
the fiber core 252. In other words, the proximal end of
the doped silica capillary 200, the proximal end of the
cladding layer 254, and/or the proximal end of the fiber
core 252 can be within different planes. In some embod-
iments, the different planes can be non-parallel.

[0044] AsshowninFIG.2A, anairgap 210 is disposed
between the doped silica capillary 200 and portions of
the layers (e.g., the coating 256) disposed around the
cladding layer 254. Specifically the air gap 210 is dis-
posed between the doped silica capillary 200 and the
coating 256 as well as the jacket 260. In some embodi-
ments, the coating 256 and/or the jacket 260 may be
coupled to (e.g., in contact with, bonded to, fused to) the
doped silica capillary 200.

[0045] As shown in FIG. 2A, a distal end 204 of the
doped silica capillary 200 can be substantially flat and
within a plane 208 parallel to plane 205. Although not
shown, in some embodiments, the distal end 204 of the
doped silica capillary 200 can have one or more surfaces
non-parallel to plane 208. For example, at least a portion
of the distal end 204 can have a concave portion and/or
a convex portion. An example of a doped silica capillary
200 having a concave portion is described in connection
with FIG. 4.

[0046] In some embodiments, the doped silica capil-
lary 200 can be a monolithically formed component. In
some embodiments, the doped silica capillary 200 can
include multiple separate portions (e.g., discrete or dis-
continuous sections) that are individually or collectively
fused to define the doped silica capillary 200. For exam-
ple, the doped silica capillary 200 can include tubular
sections that are serially disposed over the cladding layer
254. The tubular sections can be fused to one another
as well as the cladding layer 254 of the optical fiber 251.
[0047] In some embodiments, a numerical aperture of
laser energy guided within a portion of the optical fiber
251 proximal to plane 208 is substantially equal to a nu-
merical aperture of laser energy guided within a portion
of the optical fiber 251 disposed distal to plane 208. In
some embodiments, the numerical aperture associated
with a proximal end of the optical fiber 251 can be sub-
stantially unchanged along the fiber core 252 (and/or the
cladding layer 254) disposed within the doped silica com-
ponent 200. In some embodiments, the numerical aper-
ture of the fiber core 252 along substantially the entire
length of the optical fiber 251 is substantially constant.
Thus, the optical fiber 251 can have a smaller bend di-
ameter with substantially less laser energy leaked into,
for example, the cladding layer 254 than if the numerical
aperture of the optical fiber 251 were to increase along,
for example, the doped silica component 200 (from the
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proximal end toward the distal end).

[0048] FIG. 2B is a schematic diagram of the proximal
end 202 of the connector portion 225 shown in FIG. 2A,
according to an embodiment. As shown in FIG. 2B, a
cross-sectional area L of laser energy emitted into the
connector portion 225 is offset from a center 253 of the
fiber core 252 of the optical fiber 251. The cross-sectional
area L of the laser energy can be referred to as a laser
spot or as a focal point spot. A portion M of the cross-
sectional area L of the laser energy is emitted into the
fiber core 252, a portion N of the cross-sectional area L
of the laser energy is emitted into the cladding layer 254,
and a portion O of the cross-sectional area L of the laser
energy is emitted into the doped silica capillary 200. In
some embodiments, the laser spot can have a diameter
between 20 microns and 500 microns.

[0049] As shown in FIG. 2B, the doped silica capillary
200 and cladding layer 254 define an interface 231. Be-
cause the index of refraction of the doped silica capillary
200 is lower than the index of refraction of the cladding
layer 254, the interface 231 totally or substantially totally
internally reflects laser energy from within the cladding
layer 254 and incident on the interface 231. Thus, the
portion N of the laser energy that is emitted into the clad-
ding layer 254 and incident on the interface 231 is totally
or substantially totally internally reflected into the clad-
ding layer 254 rather than transmitted into the doped sil-
ica capillary 200. The index of refraction of the doped
silica capillary 200 and the index of refraction of the clad-
ding layer 254 can be defined so that the interface 231
totally or substantially totally internally reflects incident
laser energy at a desirable level.

[0050] The portion O of the cross-sectional area L of
the laser energy that is directly emitted into the doped
silica capillary 200 can be substantially absorbed or to-
tally absorbed within the doped silica capillary 200 and/or
dissipated in the form of heat. The doping concentration
of the doped silica capillary 200 can be defined so that
laser energy, such as laser energy, is absorbed and/or
dissipated in the form of heat within the doped silica cap-
illary 200 at a desirable rate.

[0051] Referring back to FIG. 2A, in some embodi-
ments, at least a portion of laser energy can be emitted
into the cladding layer 254 of the connector 225, for ex-
ample, due to slight misalignment or spatial drift of the
laserrelated to the laser-energy-delivery device 250. The
cladding layer 254 can be used, along with the fiber core
252, as a transmission medium of the laser energy at
least over the length 203 of the doped silica capillary 200.
In some embodiments, laser energy emitted into the clad-
ding layer 254 of the connector 225 can be initially guided
by the interface 231 (shown in FIG. 2B) between the clad-
ding layer 254 and the doped silica capillary 200. In some
embodiments, the laser energy launched into the clad-
ding layer 254 of the connector 225 can bereflected (e.g.,
guided) into the fiber core 252 by the interface 231 be-
tween the cladding layer 254 and the doped silica capil-
lary 200 over the length 203 of the doped silica capillary
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200. In other words, laser energy launched into the clad-
ding layer 254 of the connector can migrate into the fiber
core 252, for example, over the length 203 of the doped
silica capillary 200. Thus, undesirable effects associated
with overfill of laser energy within the cladding layer 254
during operation can be substantially reduced oravoided.
When laser energy is emitted into the cladding layer 254
as well as the fiber core 252, the cladding layer 254 and
fiber core 252 effectively collectively function as a fiber
core, and the doped silica capillary 200 effectively func-
tions as a cladding layer. If necessary, residual laser en-
ergy that is not reflected into the fiber core 252 by the
interface 231 between the cladding layer 254 and the
doped silica capillary 200 (within length 203) can be guid-
ed by an interface 259 between the cladding layer 254
and the coating 256.

[0052] As shown in FIG. 2A, the fiber core 252 (and
cladding layer 254) of the connector portion 225 is sub-
stantially straight (not tapered). Even though the fiber
core 252 of the connector portion 225 is substantially
straight, the connector portion 225 can capture and guide
more laser energy in the fiber core 252 and/or the clad-
ding layer 254 than a fiber core connector portion with a
tapered fiber core (not shown) for a given fiber core size
and for a given laser spot size / numerical aperture. One
reason this can be achieved is because of the laser en-
ergy reflective properties provided by the interface 231
between the cladding layer 254 and the doped silica cap-
illary 200 of the connector portion 225. The substantially
straight fiber core 252 (and cladding layer 254) of the
connector portion 225 may not modify the effective nu-
merical aperture of laser energy emitted into the fiber
core 252 (and/or cladding layer 254) in an undesirable
fashion. Thus, laser energy can be substantially guided
within the fiber core 252 (and/or cladding layer 254) with-
out penetrating the cladding layer 254 (if the effective
numerical aperture of the laser energy were increased
by, forexample, tapering). In addition, undesirable overfill
of the cladding layer 254 caused by bending of the fiber
core 252 (which reduces the effective cone angle of laser
energy relative to the cladding-coating interface 259) of
the laser-energy-delivery device 250 during operation
can be substantially reduced or avoided. This can be
substantially reduced or avoided because the effective
cone angle of laser energy relative to the cladding-coat-
ing interface 259 may not exceed the angle of total inter-
nal reflection.

[0053] FIG. 3 is a flow chart that illustrates a method
for producing a connector portion of a laser-energy-de-
livery device, according to an embodiment. As shown in
FIG. 3, a pre-form that has a bore and is made of a doped
silica material is received at 300. The pre-form can be a
cylindrical (e.g., tube-shaped) pre-form that has a sub-
stantially uniform doping concentration. In some embod-
iments, the pre-form can have a non-uniform doping con-
centration. For example, the pre-form can have a doping
concentration that is higher near an inner-surface that
defines the bore than at an outer surface of the pre-form,
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and vice versa. In some embodiments, the pre-form can
have a fluorine doping.

[0054] A component is cut from the pre-form at 310.
The component can be cut from the pre-form using, for
example, a laser energy cutting instrument or a mechan-
ical cutting instrument. The component can be cut along
a plane that is substantially normal to a longitudinal axis
(or centerline) of the bore so that the bore is through the
entire component. The length of the component can be,
for example, a few centimeters.

[0055] An inner-surface that defines the bore of the
component can be moved over an outer-layer portion of
an optical fiber at 320. Specifically, a distal end of the
inner-surface that defines the bore of the component can
be moved in a distal direction over a proximal end of the
outer-layer portion of the optical fiber. If the size of the
bore of the component is defined such that it cannot be
moved over the outer-layer portion of the optical fiber
(e.g., aninner-diameter of a surface that defines the bore
is smaller than an outer diameter of the outer-layer por-
tion of the optical fiber), the size of the bore can be in-
creased using, for example, a reaming process. In some
embodiments, the inner diameter of the surface that de-
fines the bore can be defined so that it is slight larger
(e.g., several micrometers larger) than an outer diameter
of the outer-layer portion of the optical fiber.

[0056] The outer-layer portion of the optical fiber can
be associated with, for example, a cladding layer of the
optical fiber. The cladding layer can be exposed after a
coating and/or a jacket is removed (e.g., stripped) from
the cladding layer. In some embodiments, the outer-layer
portion of the optical fiber can be associated with a fiber
core of the optical fiber. One more cladding layers can
be removed to expose the fiber core of the optical fiber.
[0057] The inner-surface that defines the bore of the
component can be moved over the outer-layer portion of
the optical fiber until the distal end is within a specified
distance of (e.g., within a micrometer, in contact with) an
unstripped (e.g., remaining) portion of a jacket, a coating
and/or a cladding layer(s) disposed around a portion of
the optical fiber. In some embodiments, the unstripped
portion ofthe jacket, the coating, and/or the cladding layer
can be a stop for the component. In some embodiments,
a portion of the jacket, the coating, and/or the cladding
layer(s) can be disposed within a portion of the bore of
the component (e.g., a tapered portion) after the inner-
surface that defines the bore of the component is moved
over the outer-layer portion of the optical fiber. A tapered
portion of a bore of a component is described in connec-
tion with FIGS. 4 and 5.

[0058] The inner surface that defines the bore of the
component is fused to the outer-layer portion of the op-
tical fiber to produce a connector at 330. The inner sur-
face can be heat-fused to the outer-layer portion using a
heat source such as an electrical heating element, a
flame, or a laser energy source (e.g., a carbon dioxide
laser energy source). The inner surface can be heat-
fused to the outer-layer portion incrementally. The com-
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ponent can be heat-fused to the optical fiber by first heat-
ing, for example, a distal end of the component and a
distal end of the optical fiber using a heat source until
they are heat-fused. The heat source can be moved (e.g.,
slowly moved) in a proximal direction until the desired
portion of the inner surface (e.g., entire inner surface) of
the component is heat-fused to the optical fiber. In some
embodiments, the component and the optical fiber can
be rotated about a longitudinal axis (or centerline) of the
optical fiber during the heat-fusing process, for example,
to promote even heating and/or heat-fusing around the
entire inner surface of the component.

[0059] A proximal end of the connector is polished at
340. The proximal end of the connector (where laser en-
ergy can be received) can be polished until the proximal
end is substantially flat and substantially normal to a lon-
gitudinal axis (or centerline) of the optical fiber. In some
embodiments, the connector can be polished to remove,
for example, a portion of a proximal end of the optical
fiber protruding from the component. In some embodi-
ments, the polishing process can include first mechani-
cally grinding the proximal end of the connector. In some
embodiments, the connector can be polished using, for
example, a heat source such as a laser energy source.
[0060] FIG. 4 is a schematic diagram that illustrates a
side cross-sectional view of a doped silica capillary 400
that has a receiving portion 407, according to an embod-
iment. As shown in FIG. 4, the doped silica capillary 400
has a bore 410 through an entire length H of the doped
silica capillary 400. In other words, the bore 410 is in fluid
communication with an opening 420 at a proximal end
of the doped silica capillary and an opening 430 at a distal
end of the doped silica capillary 400. The bore 410 has
a distal portion 406 that has a diameter J that is greater
than a diameter K of a proximal portion 402 of the bore
410.

[0061] The bore has a tapered portion 408 disposed
between the distal portion 406 of the bore 410 and the
proximal portion 402 of the bore 410. The tapered portion
408 can taper along a longitudinal axis 440 (or centerline)
of the doped silica capillary 400 as shown in FIG. 4. In
this embodiment, the taper portion 408 increases in size
in a distal direction along the bore 410. In some embod-
iments, the taper 408 can have flat portions (not shown).
[0062] The tapered portion 408 and the distal portion
406 of the bore 410 can collectively be referred to as the
receiving portion 407. Although not shown, in some em-
bodiments, a proximal end of an optical fiber (not shown)
can be inserted into the receiving portion 407 of the bore
410 before the doped silica capillary 400 is heat-fused
to the optical fiber. In some embodiments, a stripped por-
tion of the optical fiber can be inserted into the distal
portion 406 of the bore 410 at the receiving portion 407
and then into the remainder of the bore 410 (e.g., the
proximal portion 402 of the bore 410). The diameter J of
the bore 410 at the receiving portion 407 can have a size
defined so that an unstripped portion of the optical fiber
(e.g., an optical fiber with a jacket, a coating, and/or a
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cladding layer(s)) canfitinto the bore 410 at the receiving
portion 407. In some embodiments, the diameter J can
be defined based on a diameter of a fiber core, a cladding
layer, and/or a coating of an optical fiber configured to
be heat-fused to the doped silica capillary 400. For ex-
ample, the diameter J can be 5 % to 100 % larger than
a diameter of a fiber core, a cladding layer, and/or a coat-
ing of an optical fiber.

[0063] The receiving portion 407 can have a length G
that is approximately 1 % to 20 % of the entire length H
of the doped silica capillary 400. In some embodiments,
for example, the length G can be between 0.5 mm and
10 mm. In some embodiments, for example, the length
H can be between 100 mm to 10 cm. In some embodi-
ments, a doped silica capillary 400 can be defined with
an abrupt change between two different sized (e.g., dif-
ferent diameter) lumen that define the bore 410. In other
words, the doped silica capillary 400 can be defined with-
out a tapered portion 408.

[0064] FIG. 5 is a schematic diagram that illustrates at
least a portion of a laser-energy-delivery device 550 dis-
posed within a housing assembly 570, not covered by
the claims. The laser-energy-delivery device 550 has a
connector portion 507 at a proximal portion of the laser-
energy-delivery device 550. The laser-energy-delivery
device 550 has a portion of an optical fiber 552 (e.g., an
optical fiber core and an optical fiber cladding layer(s))
disposed within a bore 510 of a doped silica capillary 500
of the connector portion 507. Distal to the doped silica
capillary 500, the optical fiber 552 also has a coating 560.
The coating 560 can include, for example, an acrylate
coating, or an acrylate coating and a polymer-based jack-
et.

[0065] The housingassembly 570 has a capillary hold-
er 572 coupled to the doped silica capillary 500 of the
connector portion 507 of the laser-energy-delivery device
550. In some embodiments, the capillary holder 572 can
be, for example, mechanically coupled to (e.g., friction fit
with, press fit with, mechanically locked to) and/or adhe-
sively coupled to the doped silica capillary 500.

[0066] As shown in FIG. 5, the capillary holder 572 is
coupled to a proximal end portion of the doped silica cap-
illary 500, but need not be coupled to a distal end portion
504 of the doped silica capillary 500. In some embodi-
ments, the capillary holder 572 can be coupled to a por-
tion of the doped silica capillary 500 that is distal to a
receiving portion 508. In some embodiments, the capil-
lary holder 572 can be coupled to a portion of the doped
silica capillary 500 that is distal to a plane 540 that is
substantially normal to a longitudinal axis 582 (or center-
line) of the laser-energy-delivery device 550 and that is
at a proximal end of the receiving portion 508. As shown
in FIG. 5, the capillary holder 572 is coupled to the doped
silica capillary 500 such that an air gap 525 is disposed
between the capillary holder 572 and the distal end por-
tion 504 of the doped silica capillary 500.

[0067] The housing assembly 570 also has an align-
ment assembly 574 coupled to the coating 560 of the

10

15

20

25

30

35

40

45

50

55

optical fiber 552. In some embodiments, the alignment
assembly 574 can be, for example, mechanically coupled
to (e.g., friction fit with, press fit with, mechanically locked
to) and/or adhesively coupled to the coating 560. The
alignment assembly 574 can be configured hold the op-
tical fiber 552 so that it substantially does not bend lateral
to a longitudinal axis 582 (or centerline) of the optical
fiber 552. For example, the alignment assembly 574 can
be configured hold the optical fiber 552 so that it does
not substantially bend in a direction substantially normal
to a longitudinal axis 582 (or centerline) of the optical
fiber 552. In some embodiments, the optical fiber 552
can hold the optical fiber 552 without plastically deform-
ing, for example, the coating 560 or substantially altering
the optical characteristics of the optical fiber 552.
[0068] The alignment assembly 574 can include, for
example, a Sub-Miniature A (SMA) connector such as
an SMA 905 connector. As shown in FIG. 5, the capillary
holder 572 is coupled to the doped silica capillary 500
such that an air gap 525 is disposed between the align-
ment assembly 574 and the distal end portion 504 of the
doped silica capillary 500. In some embodiments, the
capillary holder 572 can be coupled to the alignment as-
sembly 574. More details related to capillary holders and
alignment assemblies according to the invention are de-
scribed in connection with FIGS. 6 through 8B.

[0069] As showninFIG. 5, a portion of the coating 560
is at least partially disposed within the receiving portion
508 of the bore 510 of the doped silica capillary 500. In
some embodiments, the portion of the coating 560 can
be, for example, adhesively coupled to an inner surface
of the receiving portion 508 of the bore 510.

[0070] FIG. 6 is a schematic diagram of a side cross-
sectional view of a capillary holder 672, according to an
embodiment. A doped silica capillary 600 of a laser-en-
ergy-delivery device 650 (shown in dashed lines) is dis-
posed within and coupled to the capillary holder 672. As
shown in FIG. 6, a proximal end 651 of the laser-energy-
delivery device 650 and a proximal end of the capillary
holder 672 are within a plane 684. The capillary holder
672 has a taper portion 676 configured to facilitate ease
of insertion of the proximal end 651 of the doped silica
capillary 600 into the capillary holder 672 during assem-
bly.

[0071] The capillary holder 672 has a portion 627 con-
figured to a receive a proximal end of an alignment as-
sembly (not shown). FIG. 7 illustrates an example of an
alignment assembly that can be inserted into the portion
627 of the capillary holder 672 shown in FIG. 6. Referring
back to FIG. 6, the capillary holder 629 has a stop con-
figured to prevent the alignment assembly from being
inserted too far within the capillary holder 672. In some
embodiments, the capillary holder 672 can be mechan-
ically coupled to (e.g., press fit with, mechanically locked
to, screw fit within) and/or adhesively coupled to the align-
ment assembly.

[0072] FIG. 7 is a schematic diagram of a side cross-
sectional view of an alignment assembly 774, according
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to an embodiment. As shown in FIG. 7, the alignment
assembly 774 includes a transition component 784 and
an SMA connector component 782. The transition com-
ponent 784 is configured to be coupled to (e.g., lockably
coupled to) a capillary holder (not shown) such as that
shown in FIG. 6. Specifically, a proximal end 712 of the
transition component 784 shown in FIG. 7 can be dis-
posed within a capillary holder when coupled to the cap-
illary holder. In some embodiments, at least a portion of
the transition component 784 can be configured to be
disposed outside of a capillary holder when coupled to
the capillary holder. The transition component 784 and
SMA connector component 782 can be moved over a
laser-energy-delivery device (not shown), for example,
disposed within a capillary holder (not shown).

[0073] As shown in FIG. 7, the transition component
784 has atapered inner wall 765 and the SMA connector
component 782 has a slotted cylindrical press fit compo-
nent 763. The slotted cylindrical press fit component 763
can also be referred to as a collet 763. As the collet 763
is moved in a proximal direction 792 within the transition
component 784 and moved against the taperedinnerwall
765 of the transition component 784, the collet 763 is
configured to constrict around and hold a laser-energy-
delivery device disposed within the SMA connector com-
ponent 782. In some embodiments, a connector compo-
nent (not shown) can be configured to be coupled to at
least a portion of a laser-energy-delivery device using a
different mechanism. For example, the connector com-
ponent can be configured to clamp around the portion of
the laser-energy-delivery device via a set screw, a con-
stricting collar (that may be a separately manufactured
component), and so forth. The connector component can
alsobe coupled tothe portion ofthe laser-energy-delivery
device using, for example, an adhesive.

[0074] The SMA connector component 782 is config-
ured to be mechanically coupled to the transition com-
ponent 784 via a protrusion 787 that mechanically locks
into a protrusion 788 of the transition component 784. As
shown in FIG. 7, the SMA connector component 782 is
partially disposed within, but not yet lockably coupled to
the transition component 784. The SMA connector com-
ponent 782 can be lockably coupled to the transition com-
ponent 784 by moving the SMA connector component
782 in a proximal direction 792 within the transition com-
ponent 784 until the protrusion 787 is disposed proximal
to the protrustion 788 of the transition component 784.
[0075] Although the SMA connector component 782 is
configured to be disposed inside of the transition com-
ponent 784 (as shown in FIG. 7), in some embodiments,
at least a portion of a connector component (not shown)
can be configured to be disposed outside of (e.g., radially
outside of) the transition component (not shown). Insome
embodiments, the connector component can be made
of multiple pieces. In some embodiments, a connector
component can be configured to be coupled to a transi-
tion component via a screw mechanism, an adhesive,
multiple locking mechanisms, and so forth. In some em-
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bodiments, the connector component can have, for ex-
ample, threads dispose on an outside portion of the con-
nector component and the transition component can be
configured to received the threads of the connector com-
ponent. When the connector component is screwed into
the transition component via the threads, the connector
component can be configured to constrict around, for ex-
ample, at least a portion of a laser-energy-delivery de-
vice.

[0076] FIG. 8Ais a schematic diagram of a side cross-
sectional view of a grip assembly 895, according to an
embodiment. A housing assembly 870 is disposed within
the grip assembly 895, which is coupled to a boot 897.
In some embodiments, for example, the boot 897 can be
made of a rigid material (e.g., a rigid plastic material),
and, in some embodiments, the boot 897 can be made
of a flexible material (e.g., a flexible rubber material, a
flexible plastic material). A laser-energy-delivery device
850 is coupled to a capillary holder 872, which is coupled
to an alignment assembly that includes a transition com-
ponent 874 at least partially disposed around an SMA
connector component 876. An enlarged portion M of the
grip assembly 895 is shown in FIG. 8B.

[0077] FIG. 8B is a schematic diagram of an enlarged
view of the side cross-sectional view of the grip assembly
895 shown in FIG. 8A, according to an embodiment. La-
ser energy from, for example, a laser energy source (not
shown) can be received at a proximal end 810 of the
laser-energy-delivery device 850. A proximal end portion
871 of the capillary holder 872 can be disposed within
(e.g., proximate to) the laser energy source.

[0078] As shown in FIG. 8B, the capillary holder 872
is coupled to the grip assembly 895 via a first coupling
nut 892 and a second coupling nut 893. The transition
component 874 of the alignment assembly can be cou-
pled to the capillary holder 872 at 899 via a locking mech-
anism (the locking mechanism is not shown). For exam-
ple, a locking mechanism can include a protrusion from
the capillary holder 872 that can be disposed within a
cavity of the transition component 874. As shown in FIG.
8B, the SMA connector component 876 is holding the
laser-energy-delivery device 850 at 875.

[0079] While various embodiments have been de-
scribed above, it should be understood that they have
been presented by way of example only, and not limita-
tion. For example, the optical fiber components (e.g.,
connector end portion, laser-energy-delivery device, grip
assembly) described herein can include various combi-
nations and/or sub-combinations of the components
and/or features of the different embodiments described.
The optical fiber components, as well as the methods of
using the optical fiber components, can be used in the
treatment of various conditions in addition to those men-
tioned herein.
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Claims

1.

An apparatus, comprising:

an optical fiber (150, 552) extending along a lon-
gitudinal axis (257, 582) and having a cladding
layer (254) and a silica core (252), wherein a
proximal end portion (102) of the optical fiber
(150, 552) is configured to receive electromag-
netic radiation; and

a component (110, 200, 400, 500, 600) made of
a doped silica material, the component having
a bore in fluid communication with a proximal
opening of the component and a distal opening
of the component, a portion of the cladding layer
(254) of the proximal end portion (102) being in
contact with the bore to define an interface (231)
such that electromagnetic radiation from the op-
tical fiber (150, 552) and incident on the interface
is substantially internally reflected, the optical
fiber (150, 552) and the component (110, 200,
400,500, 600) collectively defining alaunch con-
nector (120, 225, 507), characterized in that
said apparatus further comprises

a capillary holder (572, 672) having a proximal
portion coupled to a proximal end portion of the
launch connector (120, 225, 507), wherein the
capillary holder (572, 672) includes a proximal
taper portion (676) configured to facilitate inser-
tion of the proximal end portion of the launch
connector (120, 225, 507); and

an alignment assembly (574, 774) configured to
prevent the optical fiber (150, 552) from bending
away from the longitudinal axis (257, 582);
wherein the capillary holder (572, 672) is further
configured to receive a proximal portion of the
alignment assembly (574, 774) therein, the cap-
illary holder (572, 672) including a distal stop
configured to limit the extent of insertion of the
alignment assembly (574, 774) within the capil-
lary holder (572, 672).

The apparatus of claim 1, wherein the portion of the
cladding layer (254) is heat-fused to the bore be-
tween a proximal end (202) of the bore and a distal
end (204) of the bore.

The apparatus of claim 1, wherein the bore has a
substantially uniform inner-diameter.

The apparatus of claim 1, wherein the optical fiber
(150, 552) and the component (110, 200, 400, 500,
600) collectively define the launch connector (120,
225,507) when the portion of the cladding layer (254)
is heat-fused to the bore, a proximal end of the launch
connector (120, 225, 507) having a polished, sub-
stantially flat surface.
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5.

The apparatus of claim 1, wherein the doped silica
material is a fluorine-doped silica material that has
an index of refraction lower than an index of refrac-
tion of the cladding layer (254) of the optical fiber
(150, 552).

The apparatus of claim 1, wherein the portion of the
cladding layer (254) is a first portion of the cladding
layer, the bore is a first bore, the optical fiber (150,
552) has a coating on a second portion of the clad-
ding layer (254) and not on the first portion of the
cladding layer (254), the second portion of the clad-
ding layer (254) is disposed outside of the first bore
of the component (110, 200, 400, 500, 600) and dis-
posed within a second bore of the component, the
second bore of the component has an inner-diameter
greater than an inner-diameter of the first bore of the
component.

The apparatus of claim 1, wherein the capillary hold-
er (572, 672) defines a longitudinally extending air
gap (525) between the alignment assembly (574,
774) and a distal portion of the component (110, 200,
400, 500, 600).

A method, comprising:

receiving a doped silica component (110, 200,
400, 500, 600) having a bore in fluid communi-
cation with a distal opening of the doped silica
component and a proximal opening of the doped
silica component;

moving aninner-surface of the bore of the doped
silica component (110, 200, 400, 500, 600) over
an outer-surface of a proximal end of a silica-
based optical fiber (150, 552), the silica-based
optical fiber extending along a longitudinal axis
(257, 582);

heating, after the moving, the doped silica com-
ponent (110, 200, 400, 500, 600) and the silica-
based optical fiber (150, 552) such that the in-
ner-surface of the bore of the doped silica com-
ponent is fused to the outer-surface of the silica-
based optical fiber, the doped silica component
and the silica-based optical fiber collectively de-
fining a launch connector end when fused; char-
acterized with the steps of:

coupling a capillary holder (572, 672) hav-
ing a proximal portion (651) to a proximal
end portion of the launch connector end
(120, 225,507), wherein the capillary holder
(572, 672) includes a proximal taper portion
(676) configured to facilitate insertion of the
proximal end portion of the launch connec-
tor (120, 225, 507); and

coupling an alignment assembly (574, 774)
to the capillary holder (572, 672), the align-
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ment assembly (574, 774) being configured
to prevent the optical fiber (150, 552) from
bending away from the longitudinal axis
(257, 582);

wherein the capillary holder (572, 672) is
further configured to receive a proximal por-
tion of the alignment assembly (574, 774)
therein, the capillary holder (572, 672) in-
cluding a distal stop configured to limit the
extent of insertion of the alignment assem-
bly (574, 774) within the capillary holder
(572, 672).

The method of claim 8, wherein the heating defines
an interface, the doped silica component (110, 110,
200, 400, 500, 600) has a doping concentration such
that electromagnetic radiation from the silica-based
optical fiber (150, 552) and incident on the interface
is substantially internally reflected.

The method of claim 8, further comprising:

removing a portion of a polymer-based jacket
(260) disposed on the outer-surface of the silica-
based optical fiber (150, 552) before the moving.

The method of claim 8, wherein the outer-surface of
the silica-based optical fiber (150, 552) is associated
with a cladding layer (254) of the silica-based optical
fiber, the method further comprising:

removing a portion of an acrylate coating (256)
disposed on the outer-surface of the silica-
based optical fiber (150, 552) before the moving.

The method of claim 8, wherein the outer-surface of
the silica-based optical fiber (150, 552) is associated
with a cladding layer (254) of the silica-based optical
fiber, the doped silica component (110, 200, 400,
500, 600) is doped with a fluorine concentration
greater than a fluorine concentration within the clad-
ding layer (254).

The method of claim 8, wherein the outer-surface of
the silica-based optical fiber (150, 552) has an index
of refraction higher than an index of refraction asso-
ciated with the doped silica component (110, 200,
400, 500, 600).

The method of claim 8, wherein the doped silicacom-
ponent (110, 200, 400, 500, 600) is cut from a doped
silica pre-form, the doped silica pre-form has a bore
with an inner-diameter less than an inner-diameter
of the bore of the doped silica component.

The method of claim 8, wherein the silica-based op-
tical fiber (150, 552) has a coating removed from the
portion of the cladding layer (254) before the portion

10

15

20

25

30

35

40

45

50

55

12

of the cladding layer is heat-fused to the bore.

Patentanspriiche

1.

Vorrichtung, umfassend:

eine optische Faser (150, 552), die sich entlang
einer Langsachse (257, 582) erstreckt und die
eine Mantelschicht (254) und einen Silicakern
(252) umfaldt, wobei ein proximaler Endab-
schnitt (102) der optischen Faser (150, 552) da-
zu ausgelegt ist, elektromagnetische Strahlung
zu empfangen, und

eine Komponente (110, 200, 400, 500, 600), die
aus dotiertem Silicamaterial hergestellt ist, wo-
bei die Komponente eine Bohrung in Fluidkom-
munikation mit einer proximalen Offnung der
Komponente und einer distalen Offnung der
Komponente aufweist, wobei ein Abschnitt der
Mantelschicht (254) des proximalen Endab-
schnittes (102) mit der Bohrung in Kontakt steht,
um eine Schnittstelle (231) zu definieren, so da®
die elektromagnetische Strahlung aus der opti-
schen Faser (150, 552) und einfallend auf die
Schnittstelle im wesentlichen intern reflektiert
wird, wobei die optische Faser (150, 552) und
die Komponente (110, 200, 400, 500, 600) zu-
sammen einen Startanschlufl (120, 225, 507)
definieren,

dadurch gekennzeichnet, daB die Vorrichtung
ferner umfafit:

einen Kapillarhalter (572, 672), der einen proxi-
malen Abschnitt aufweist, der mit einem proxi-
malen Endabschnitt des Startanschlusses (120,
225, 507) gekoppelt ist, wobei der Kapillarhalter
(572, 672) einen geneigten proximalen Ab-
schnitt (676) umfallt, der dazu ausgelegt ist, ein
Einfiihren des proximalen Endabschnittes des
Startanschlusses (120, 225, 507) zu erleichtern,
und

eine Ausrichtungsanordnung (574, 774), die da-
zu ausgelegt ist, ein Wegbiegen der optischen
Faser (150, 552) von der Léangsachse (257, 582)
zu verhindern,

wobei der Kapillarhalter (572, 672) ferner dazu
ausgelegt ist, einen proximalen Abschnitt der
Ausrichtungsanordnung (574, 774) darin aufzu-
nehmen, wobei der Kapillarhalter (572, 672) ein
distales Anschlagstiick umfaf3t, das dazu aus-
gelegtist, das Einfihrungsausmalf der Ausrich-
tungsanordnung (574, 774) in dem Kapillarhal-
ter (572, 672) zu begrenzen.

Vorrichtung nach Anspruch 1, wobei der Abschnitt
der Mantelschicht (254) mit der Bohrung zwischen
einem proximalen Ende (202) der Bohrung und ei-
nem distalen Ende (204) der Bohrung warmever-
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schmolzen ist.

Vorrichtung nach Anspruch 1, wobei die Bohrung
einen im wesentlichen einheitlichen inneren Durch-
messer aufweist.

Vorrichtung nach Anspruch 1, wobei die optische Fa-
ser (150, 552) und die Komponente (110, 200, 400,
500, 600) zusammen den Startanschluf® (120, 225,
507) definieren, wenn der Abschnitt der Mantel-
schicht (254) mit der Bohrung warmeverschmolzen
ist, wobei ein proximaler Abschnitt des Startan-
schlusses (120, 225, 507) eine polierte, im wesent-
lichen flache Oberflache aufweist.

Vorrichtung nach Anspruch 1, wobei das dotierte Si-
licamaterial ein Fluordotiertes Silicamaterial ist, das
einen niedrigeren Brechungsindex aufweist als ein
Brechungsindex der Mantelschicht (254) der opti-
schen Faser (150, 552).

Vorrichtung nach Anspruch 1, wobei der Abschnitt
der Mantelschicht (254) ein erster Abschnitt der
Mantelschicht ist, die Bohrung eine erste Bohrung
ist, die optische Faser (150, 552) eine Beschichtung
aufeinem zweiten Abschnitt der Mantelschicht (254)
und nicht auf einem ersten Abschnitt der Mantel-
schicht (254) aufweist, wobei der zweite Abschnitt
der Mantelschicht (254) aulRerhalb der ersten Boh-
rung der Komponente (110, 200, 400, 500, 600) an-
geordnet ist und in einer zweiten Bohrung der Kom-
ponente angeordnet ist, wobei die zweite Bohrung
derKomponente einen gréRereninneren Durchmes-
ser aufweist als ein innerer Durchmesser der ersten
Bohrung der Komponente.

Vorrichtung nach Anspruch 1, wobei der Kapillarhal-
ter (572, 672) einen sich langs erstreckenden Luft-
spalt (525) zwischen der Ausrichtungsanordnung
(574, 774) und einem distalen Abschnitt der Kom-
ponente (110, 200, 400, 500, 600) definiert.

Verfahren, umfassend:

Aufnehmen einer dotierten Silicakomponente
(110, 200, 400, 500, 600), die eine Bohrung in
Fliissigkommunikation mit einer distalen Off-
nung der dotierten Silicakomponente und einer
proximalen Offnung der dotierten Silicakompo-
nente aufweist,

Bewegen einerinneren Oberflache der Bohrung
der dotierten Silicakomponente (110, 200, 400,
500, 600) uber eine dulere Oberflache eines
proximalen Endes einer silicabasierten opti-
schen Faser (150, 552), wobei die silicabasierte
optische Faser sich entlang einer Lédngsachse
(257, 582) erstreckt,

nach dem Bewegen, Erwdrmen der dotierten Si-
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licakomponente (110, 200, 400, 500, 600) und
der silicabasierten optischen Faser (150, 552),
so daf} die innere Oberflache der Bohrung der
dotierten Silicakomponente mit der duleren
Oberflache der silicabasierten optischen Faser
verschmilzt, wobei die dotierte Silicakomponen-
te und die silicabasierte optische Faser zusam-
men ein StartanschluBende definieren, wenn
sie verschmolzen sind,

gekennzeichnet durch die Schritte:

Koppeln eines Kapillarhalters (572, 672), der ei-
nen proximalen Abschnitt (651) aufweist, mit ei-
nem proximalen Endabschnitt des Startan-
schluRendes (120, 225, 507), wobei der Kapil-
larhalter (572, 672) einen geneigten proximalen
Abschnitt (676) umfalt, der dazu ausgelegt ist,
ein Einfiihren des proximalen Endabschnittes
des Startanschlusses (120,225, 507) zu erleich-
tern, und

Koppeln einer Ausrichtungsanordnung (574,
774) mit dem Kapillarhalter (572, 672), wobei
die Ausrichtungsanordnung (574, 774) dazu
ausgelegt ist, ein Wegbiegen der optischen Fa-
ser (150, 552) von der Langsachse (257, 582)
zu verhindern,

wobei der Kapillarhalter (572, 672) ferner dazu
ausgelegt ist, einen proximalen Abschnitt der
Ausrichtungsanordnung (574, 774) darin aufzu-
nehmen, wobei der Kapillarhalter (572, 672) ein
distales Anschlagstiick umfaf3t, das dazu aus-
gelegtist, das Einfihrungsausmalf der Ausrich-
tungsanordnung (574, 774) in dem Kapillarhal-
ter (572, 672) zu begrenzen.

Verfahren nach Anspruch 8, wobei das Erwarmen
eine Schnittstelle definiert, die dotierte Silicakompo-
nente (110, 200, 400, 500, 600) eine solche Dotie-
rungskonzentration aufweist, daf3 die elektromagne-
tische Strahlung aus der optischen Faser (150, 552)
und einfallend auf die Schnittstelle im wesentlichen
intern reflektiert wird.

Verfahren nach Anspruch 8, ferner umfassend:

Entfernen eines Abschnittes einer polymerba-
sierten Hiille (260), die auf der auReren Ober-
flache der silicabasierten optischen Faser (150,
552) angeordnet ist, vor dem Bewegen.

Verfahren nach Anspruch 8, wobei die auRere Ober-
flache der silicabasierten optischen Faser (150, 552)
mit einer Mantelschicht (254) der silicabasierten op-
tischen Faser assoziiert ist, wobei das Verfahren fer-
ner umfafdt:

Entfernen einer Acrylatbeschichtung (256), die
auf der aulReren Oberflache der silicabasierten
optischen Faser (150, 552) angeordnet ist, vor
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dem Bewegen.

Verfahren nach Anspruch 8, wobei die duere Ober-
flache der silicabasierten optischen Faser (150, 552)
mit einer Mantelschicht (254) der silicabasierten op-
tischen Faser assoziiert ist, wobei die dotierte Sili-
cakomponente (110, 200, 400, 500, 600) mit einer
gréReren Fluorkonzentration dotiert ist als eine
Fluorkonzentration in der Mantelschicht (254).

Verfahren nach Anspruch 8, wobei die duere Ober-
flache der silicabasierten optischen Faser (150, 552)
einen Brechungsindex aufweist, der gréRer ist als
ein Brechungsindex, der mit der dotierten Silicakom-
ponente (110, 200, 400, 500, 600) assoziiert ist.

Verfahren nach Anspruch 8, wobei die dotierte Sili-
cakomponente (110, 200, 400, 500, 600) aus einer
dotierten Silicavorform ausgeschnitten wird, wobei
die dotierte Silicavorform eine Bohrung mit einem
inneren Durchmesser aufweist, der kleiner ist als ein
innerer Durchmesser der Bohrung der dotierten Si-
licakomponente.

Verfahren nach Anspruch 8, wobei die silicabasierte
optische Faser (150, 552) eine Beschichtung auf-
weist, die von dem Abschnitt der Mantelschicht (254)
entfernt wird, bevor der Abschnitt der Mantelschicht
mit der Bohrung warmeverschmolzen wird.

Revendications

1.

Appareil, comprenant :

une fibre optique (150, 552) s’étendant le long
d'un axe longitudinal (257, 582) et ayant une
couche derevétement (254) etun coeur ensilice
(252), danslaquelle une partie d’extrémité proxi-
male (102) dela fibre optique (150, 552) est con-
figurée pour recevoir un rayonnement
électromagnétique ; et

un composant (110, 200, 400, 500, 600) faitd’un
matériau siliceux dopé, le composant ayant un
trou en communication fluidique avec une
ouverture proximale du composant et une
ouverture distale du composant, une partie de
la couche de revétement (254) de la partie d’ex-
trémité proximale (102) étant en contact avec le
trou pour définir une interface (231) de sorte que
le rayonnement électromagnétique provenant
de la fibre optique (150, 552) et incident sur I'in-
terface est réfléchi sensiblement intérieure-
ment, la fibre optique (150, 552) et le composant
(110, 200, 400, 500, 600) définissant collective-
ment un connecteur de lancement (120, 225,
507), caractérisé en ce que ledit appareil com-
prend en outre
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un support de capillaire (572, 672) ayant une
partie proximale accouplée a une partie d’extré-
mité proximale du connecteur de lancement
(120, 225, 507), dans lequel le support de ca-
pillaire (572, 672) comprend une partie proxima-
le effilée (676) configurée pour faciliter l'inser-
tion de la partie d’extrémité proximale du con-
necteur de lancement (120, 225, 507) ; et

un ensemble d’alignement (574, 774) configuré
pour empécher la fibre optique (150, 552) de
flechir en s’écartant de I'axe longitudinal (257,
582) ;

dans lequel le support de capillaire (572, 672)
est en outre configuré pour recevoir en lui une
partie proximale de I'ensemble d’alignement
(574, 774), le support de capillaire (572, 672)
comprenant une butée distale configurée pour
limiter I'étendue de linsertion de I'ensemble
d’alignement (574, 774) dans le support de ca-
pillaire (572, 672).

Appareil selon la revendication 1, dans lequel la par-
tie de la couche de revétement (254) est unie au trou
par fusion thermique entre une extrémité proximale
(202) du trou et une extrémité distale (204) du trou.

Appareil selon la revendication 1, dans lequel le trou
a un diametre interne sensiblement uniforme.

Appareil selon la revendication 1, dans lequel la fibre
optique (150, 552) et le composant (110, 200, 400,
500, 600) définissent collectivement le connecteur
de lancement (120, 225, 507) lorsque la partie de la
couche de revétement (254) est unie au trou par fu-
sion thermique, une extrémité proximale du connec-
teur delancement (120, 225, 507) ayant une surface
polie sensiblement plate.

Appareil selon la revendication 1, dans lequel le ma-
tériau siliceux dopé est un matériau siliceux dopé au
fluor qui a unindice de réfraction inférieur a un indice
de refraction de la couche de revétement (254) de
la fibre optique (150, 552).

Appareil selon la revendication 1, dans lequel la par-
tie de la couche de revétement (254) est une pre-
miére partie de la couche de revétement, le trou est
un premier trou, la fibre optique (150, 552) a un re-
vétement sur une deuxiéme partie de la couche de
revétement (254) et pas sur la premiére partie de la
couche de revétement (254), la deuxieme partie de
la couche de revétement (254) est disposée a I'ex-
térieur du premier trou du composant (110, 200, 400,
500, 600) et disposée dans un deuxieme trou du
composant, le deuxiéme trou du composant a un
diameétre interne plus grand qu’un diamétre interne
du premier trou du composant.
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7. Appareil selon larevendication 1, dans lequel le sup-

port de capillaire (572, 672) définit un espace d’air
(525) s’étendant longitudinalement entre I'ensemble
d’alignement (574, 774) etune partie distale du com-
posant (110, 200, 400, 500, 600).

8. Procédé, comprenant:

la réception d’'un composanten silice dopé (110,
200, 400, 500, 600) ayant un trou en communi-
cation fluidique avec une ouverture distale du
composanten silice dopé et une ouverture proxi-
male du composant en silice dopé ;

le déplacement d’une surface interne du trou du
composant en silice dopé (110, 200, 400, 500,
600) sur une surface externe d'une extrémité
proximale d’une fibre optique a base de silice
(150, 552), la fibre optique a base de silice
s’étendant le long d’'un axe longitudinal (257,
582) ;

le chauffage, apres le déplacement, du compo-
sant en silice dopé (110, 200, 400, 500, 600) et
de lafibre optique a base de silice (150, 552) de
sorte que la surface interne du trou du compo-
sant en silice dopé est unie par fusion a la sur-
face externe de la fibre optique a base de silice,
le composant en silice dopé et la fibre optique
a base de silice définissant collectivement une
extrémité de connecteur de lancement lorsqu'’ils
ont fusionnés ; caractérisé par les étapes :

d’accouplement d’'un support de capillaire
(572, 672) comportant une partie proximale
(651) a une partie d’extrémité proximale de
I'extrémité du connecteur de lancement
(120, 225, 507), dans lequel le support de
capillaire (572, 672) comprend une partie
proximale effilée (676) configurée pour fa-
ciliter l'insertion de la partie d’extrémité
proximale du connecteur de lancement
(120, 225, 507) ; et

d’accouplement d’'un ensemble d’aligne-
ment (574, 774) au support de capillaire
(572, 672), 'ensemble d’alignement (574,
774) étant configuré pour empécher la fibre
optique (150, 552) de fléchir en s’écartant
de l'axe longitudinal (257, 582) ;

dans lequel le support de capillaire (572,
672) est en outre configuré pour recevoir en
lui une partie proximale de 'ensemble d’ali-
gnement (574, 774), le support de capillaire
(572, 672) comprenant une butée distale
configurée pour limiter I'’étendue de I'inser-
tion de 'ensemble d’alignement (574, 774)
dans le support de capillaire (572, 672).

9. Procédé selon la revendication 8, dans lequel le

chauffage définit une interface, le composant en si-
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lice dopé (110, 200, 400, 500, 600) a une concen-
tration de dopant telle que le rayonnement électro-
magnétique provenant de la fibre optique a base de
silice (150, 552) et incident sur 'interface est réfléchi
sensiblement intérieurement.

Procédé selon la revendication 8, comprenant en
outre :

le retrait d’'une partie d’'une chemise a base de
polymeére (260) disposée sur la surface externe
de la fibre optique a base de silice (150, 552)
avant le déplacement.

Procédé selon la revendication 8, dans lequel la sur-
face externe de la fibre optique a base de silice (150,
552) est associée a une couche de revétement (254)
de la fibre optique a base de silice, le procédé com-
prenant en outre :

le retrait d’'une partie d'un revétement en acryla-
te (256) disposé sur la surface externe de lafibre
optique a base de silice (150, 552) avant le dé-
placement.

Procédé selon la revendication 8, dans lequel la sur-
face externe de la fibre optique a base de silice (150,
552) est associée a une couche de revétement (254)
de la fibre optique a base de silice, le composant en
silice dopé (110, 200, 400, 500, 600) est dopé avec
une concentration de fluor supérieure a une concen-
tration de fluor dans la couche de revétement (254).

Procédé selon la revendication 8, dans lequel la sur-
face externe de la fibre optique a base de silice (150,
552) a un indice de réfraction supérieur a un indice
de réfraction associé au composant en silice dopé
(110, 200, 400, 500, 600).

Procédé selon la revendication 8, dans lequel le
composant en silice dopé (110, 200, 400, 500, 600)
est découpé d’une préforme en silice dopée, la pré-
forme ensilice dopée ayant un trou avec un diamétre
interne plus petit qu’'un diamétre interne du trou du
composant en silice dopé.

Procédé selon larevendication 8, dans lequel un re-
vétement de la fibre optique a base de silice (150,
552) est retiré de la partie de la couche de revéte-
ment (254) avant que la partie de la couche de re-
vétement soit unie par fusion thermique au trou.
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