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ture optical components engaging the input or output end of light energy delivery devices for customized light delivery of the light
energy. The incorporation of precision micro structure optical components in injection molded plastic or glass parts will allow for
inexpensive modification of the output light while also serving to protect the end of the illumination device. The micro structure
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Micro-Optic Adapters and Tips for Surgical Illumination Fibers

Field of the Inventions

The inventions described below relate to the field of
surgical illumination and more specifically to Micro
Structured Optical adapters and end caps for surgical

illumination.

Background of the Inventions

Illumination devices, such as fiber optics, have many
applications and generally employ conventional methods such as
reflective surfaces or total internal reflection to deflect or
focus the light energy. Some devices also have modifications
of the distal end or tip geometry to generate focused or
defocused beams. Tip modifications for optical fibers are
typically produced by polishing or grinding of the fiber tip
or the end of a bundle of fibers. Conventional techniques
have also included use of high temperatures such as with use
of a fusion splicer to create ball tip structures generated by

melting the core of an optical fiber.

The limitation of these techniques is that they require
accurate manipulation of the device resulting in a modified
section which is then left unprotected. For optical fibers,
the techniques for polishing or manipulating the tip are
costly, time consuming and result in a fragile end product.
The techniques available for creating lensing surfaces using
the device itself are limited and generate limited optical

output lensing options.
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Illumination devices such as laser fibers for medical use
are frequently used either in direct contact with tissue or in
a fluid medium. In these settings, focus of the laser beam
emanating from the fiber is difficult to control due to the
similar indices of refraction of the various media and the

fiber.

What is needed is a versatile technique for terminating
illumination devices, or for adapting illumination devices to
optimize the light energy and provide desired optical

performance.

sSummary

A micro structured optical adapter or tip according to
the present disclosure may incorporate optical lensing
structures to be placed over the end of any suitable
illumination device such as fiber optic laser delivery
devices. The cap or adapter may incorporate micro structured
optical components such as for example gratings, prisms and or
diffusers to operate as precision optics for customized
delivery of the light energy. Thése components may be formed
as injection molded plastic or glass parts to allow for
inexpensive modification of the output light and also serve to
protect the end of the device, such as a cleaved fiber optic
bundle. The micro structured optical components may also be
incorporated in an adapter to tailor the light energy to the
subsequent devices. The micro structured optical components
may also be used to polarize and/or filter the light energy

entering or exiting the illumination device.

Brief Description of the Drawings

Figure 1 is a cutaway view of a laser fiber and micro

structure optical end cap according to the present disclosure.
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Figure 2 is a cutaway view of an alternate micro

structure optical end cap according to the present disclosure.

Figure 3 is a cutaway view of another alternate micro

structure optical end cap according to the present disclosure.

Figure 4 is a cutaway view of a micro structure optical

adapter according to the present disclosure.

Figure 5 is a cutaway view of a micro structure optical

adapter and end element according to the present disclosure.

Figure 6 is a cross section view of the micro structure

optical adapter of Figure 5 taken along A-A.

Figure 7 is a cross section view of the micro structure

optical adapter of Figure 5 taken along B-B.

Figure 8 is a side view of a micro structure optical
adapter and an end element according to the present

disclosure.

Detailed Description of the Inventions

In Figure 1 medical illumination fiber 10 engages an end
cap such as cap 14 to form an optical path with one or more
micro structure optical surfaces such as inner optical surface
14A or outer optical surface 14B and or one or more air gaps
such as gap 16 and or index matching material to control light
12. Any suitable surface such as inner an outer optical
surfaces 14A and 14B or a portion of an inner or outer surface
may be formed to include micro structure optical structures
such as structure 18A and or 18B thereon. Cap 14 may be made
of glass, plastic or any other suitable material and may be
sized to enable bore 13 to frictionally engage optical fiber
10.
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Input and or output micro optical structures such as
structure 18A or structure 18B may adopt any suitable
configuration to accomplish one or more of the functions of
diffracting, deflecting, refracting or polarizing light
passing through the micro structure optical component. Such
structures individually or in combination may be used to
adjust the intensity and or the phase of the light energy

similar to holographic film which may also be used.

Referring now to Figure 2 illumination fiber 10 includes
a light management cap such as cap 22 engaging end 24 of fiber
10. A light management cap according to the present
disclosure such as cap 22 may engage a fiber along engagement
zone. 21 mechanically, frictionally, or using adhesives or any
other suitable technique. Matching zone 23 of cap 22 may be
an air gap, or be filled with any suitable material such as
adapter material 26 to achieve a suitable index transition
between illumination fiber 10 and cap 22. Body zone 25 of cap
22 may be composed of solid cap material, or any suitable
combination of air gaps or inserted components may also be
used. Cap zone or output zone 27 may be formed in any
suitable shape and may include microstructure éuch as
structures 18A and 18B to achieve desired output light

management.

Referring to Figure 3, light management cap 30 may
include one or more chambers or other inserted structures to
control light emanating from illumination fiber 10. Chamber
32 may be filled with air or other suitable material to
achieve the desired light management. Incident surface 33 and
outlet surface 35 of chamber 32 may be formed to have any

suitable surface characteristics such as surfaces 18A and 18B.

Referring now to Figure 4, fiber adapter 36 includes an
input bore 36A and an output bore 36B. Input bore 36A may

adopt any suitable geometry to engage a first element such as
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illumination fiber 10 having a dimension 34 and couple it to a
second element such as fiber 20 having a dimension 38.
Dimensions 34 and 38 may be the same or different. Surfaces
37 and 39 may be formed to have any suitable surface
characteristics such as micro structure optical surfaces 18A
and 18B. A fiber adapter such as adapter 36 may also include
one or more energy conforming elements such as elements 40 and
42 . Elements 40 and 42 may be solid or hollow with one or
more surfaces including conventional shapes and or micro
structure optical components. Adapters such aé adapter 36 may
also be used to connect an'illumination fiber to an end
element having any suitable dimensions and geometry. End
elements may have round, oval, rectangular, and polygonal or
any other suitable cross section. Adapters such as adapter 36
may also incorporate a flexible center section or light
conduit such as center section 36C, thereby allowing element
20 to be oriented in any position relative to illumination
fiber 10. This allows element 20 to be oriented in a selected
direction to accommodate selected use or selected mounting on
auxiliary equipment. Center section 36c may be fabricated
from optical fibers, silicone or other suitable flexible
material. Elements 40 and 42 may serve to couple light into
and out of this flexible section, for example, as suitably

designed lenses.

Flexible adapter 36 may be constructed entirely of
flexible material, for example, injection molded silicone, or
it may be fabricated as an assembly including an input
connector, flexible light conduit, and output connector using
suitable fabrication and assembly techniques. A flexible
adapter may be incorporated as a permanent component of an
illumination input, for example as part of a fiber optic light
guide cable using adhesive or other suitable joining
technique, thereby allowing end elements to be changed without

fear of disengaging the adapter from the illumination input.
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Conversely, a flexible adapter may bé incorporated as a
permanent component of an end element or illumination device
using suitable joining techniques, thereby allowing different
end element devices to be used with the same illumination
input without fear of disengaging the adapter or without the
added step of replacing an adapter for each new device to be
used.

1

Referring to Figure 5, Figure 6 and Figure 7 adapter 44
engages a generally round illumination fiber at receptacle 54.
Receptacle 56 engages device 46 having a generally rectangular
cross-section. As discussed above surface 48 of device 46 may
incorporate suitable micro structure optical components to
enhance light coupling into device 46. Facets such as facet
50 may also incorporate micro structure optical components or
other coatings such as polarizing coating 52. Adapter 44 may
also include a flexible middle portion that conducts light,
thereby allowing device 46 to be oriented in any direction

relative to an illumination input at receptacle 54.

Polarized coating 52 emits polarized light to optimize
viewing of site 60. Use of a complementary polarization
microstructure or coating such as microstructure 58 on lens 62
permits any suitable light receiver such as camera 64 to
receive only properly polarized light 66 and reject other
reflected light such as light 68 thus minimizing distracting

reflections and glare.

Referring now to Figure‘8, adapter 69 is coupled to end
element 70. End element 70 may include one or more light
emission facets such as facets 72, 73, 74 and 76 for output of
light energy. Input surface 71 of end element 70 may
incorporate polarizing microstructure 71A. Each light
emission facet may have a polarizing microstructure or coating
such as microstructures 72A, 73A, 74A and 76A, and two or more

of the light emission facets may have similarly oriented
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polarization. Controlling the orientation of a polarized
input may allow light to be emitted from one or more facets
having complimentary polarization. For example, adapter 69
may be made to rotate relative to end element 70 such that
this rotation causes separate polarizing structures formed in
adapter 69 to line up with at least part of input surface 71,
without polarizing microstructure 71A, such that light emits
from complementary polarization facet 72 at zero degrees of
relative rotation of adapter 69, but that light emits from
separate complimentary polarization facet 74 at 90 degrees of

relative rotation of adapter 69.

End element 70 or any adapter or end cap may also be
formed to include one or more constituent elements to cause
end element 70 to filter and or polarize the light energy
input into end element 70 and cause emitted light 78 to have a
desired frequency or combination of frequencies and or
polarization orientation. End element 70 may also be treated
to cause its constituent element or elements to operate as a
light filter enabling chromatography. End element 70 may
include co-molded element 73 that splits the incoming light
such that a fraction of the light exits facet 72, which may
have a filtering microstructure or coating 72A, a fraction
exits facet 74 incorporating redirecting microstructure prism

74A, and a fraction exits normally through facet 76.

A micro structured optical cap may also contain one or
more gas or air filled chambers that allows the light to
refract prior to reaching the tissue or fluid. A cap or
adapter may also operate as a filter to pass a desired
frequency or frequencies of light by selecting the gas filling
and or additives to be incorporated with the material of the

cap or adapter.

A micro structured optical adapter or tip according to

the present disclosure may use micro structured optical
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components to manage or adapt the light output of an
illumination fiber. By making a device or adapter consisting
of one or more micro structured optical components injection
molded onto a flat window, which can be attached to a standard
fiber, the light output of the illumination fiber may be
controlled without the need to polish the tip of the fiber.

In another aspect, one or more surfaces in the optical
path of an adapter or cap may include a predetermined micro
structured optical components. Different optical light output
shapes may be achieved by creating specific microstructure

surfaces or patterns.

It is also possible to apply the microstructure
technology to deflect light as well as focus it into a
particular shape. Microstructures may be applied to the back
and or the front of a refractive element to deflect the beam
as well as shape it. Microstructure surfaces may also be
combined with one or more air gaps and or conventional surface

shaping to achieve desired optical performance.

Other potential configurations can be designed to engage
and secure the caps to the end of a fiber. This can be done
using adhesive with index matching glue, or it could be done
mechanically leaving an air space. The cap could be made from

glass or plastic, or other suitable optical material.

A micro structure optical adapter according to the
present disclosure may be used to adapt any suitable
illumination energy from a conventional round source such as
an optical fiber or fiber bundle to an end element having any
suitable cross section. This adapter may be flexible,
allowing the user to preferably orient the end element
relative to the source. The use of micro structure optical
components and or conventional diffraction and or refraction

elements may permit optimal transfer of liglit energy from the
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fiber to the end element. These structures can be part of an

injection mold or may be applied as a separate film.

In a still further aspect of the present disclosure one
or more surfaces in an illumination path may be polarized
using any suitable technique such as an injection molded micro
structure optical component, thin film coating or other. Use
of polarized light in a surgical environment may provide
superior illumination and coupled with the use of
complementary crossed polarized material on viewing devices
such as video or still cameras, surgical loupes, microscopes,
face shields or surgeons glasses may reduce reflected glare
providing less visual distortion and more accurate color

resolution of the surgical site.

Due to an expensive and complex process, standard fiber
optic bundles do not preserve polarization. Therefore,
polarized light that is transmitted through a fiber optic
bundle will become depolarized. The application of a tip
device with polarization structures would still allow

polarized light to be delivered.

In a still further aspect of the present disclosure use
of a micro structure optical tip or adapter incorporating
filtering additives such as dyes or structures such as for
example diffraction gratings, may produce light of a selected
frequency. The frequency of the light output may be selected
to provide selective reflection and or absorption to enhance

surgery, therapy and or diagnosis.

While polarizing and filtering components may be .
fabricated in adapters and or tips that are subsequently
applied to an illumination device, another further aspect of
this disclosure is the fabrication of these components
directly in the illumination device. As noted, optical fibers
are very difficult to modify to form these components, but

modern tooling and injection molding processes provide that

9
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capability, for example, with plastic waveguides or light
pipes. Facets may be formed in an injection molded
illumination device wherein the facet face, which may normally
act as a refraction surface, may be modified to include micro
structure optical components that perform polarization and or
filtering functions. For example, such structures may be
molded into the input face to polarize light as it enters the
illumination device so that the light exiting the device is

polarized.

Furthermore, micro structure optical components may also
be formed of metal or other suitable materials, e.g., beam
splitters or polarization grids, then co-molded into a plastic
illumination device. For example, a beam splitter co-molded
in the center of a plastic light pipe may force part of an
incoming light beam out of a facet with a green filter grating
molded in and part of the light beam out of a second facet
with a red filter gratiﬁg molded in. The user may simply
reposition the light pipe to use either color light for a

particular purpose.

In typical application, an adapter may be disposed
between a light source, such as a fiber optic light guide
cable, and an end element illumination device, such as a fiber
optic light pipe or a plastic waveguide or light pipe. A tip
may be used instead of the adapter for certain functions, for
example, providing a polarizing tip to a standard fiber optic
light pipe. The user may remove and replace adaptors and tips
as needed for specific light output needs, but the process of
removing and replacing adapters and tips may be troublesome,

for example, during a surgical procedure.

In another further embodiment, a polarization rotator
such as a half-wave plate which can rotate polarized light by
a predetermined angle may provide different angles of

polarization to be combined with matching polarized facets on

10
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an end element device or polarized sections in a tip. Each
facet or section might be directed in different visual angles
or may have a filtering film applied. As the polarization
rotator is adjusted to a particular polarizing angle,
polarized light travels down the end element to the facet or
tip section that has a matching polarization. Light then
exits from this matched output facet or section, but not other
facets or sections due to the polarization effect. This may
be used to selectively illuminate certain areas of a visual
field or to select certain filters for better visualization of
elements in a visual field. For example, in a surgical
procedure, the adjustable polarizer could be adjusted so that
light only shines out of a tip section that provides filtered
light suitable for visualization of blood vessels, while a
different setting on the adjustable polarizer causes light to
shine out of a separate tip section that provides a different

color of light suitable for visualization of nerves.

Thus, while the preferred embodiments of the devices and
methods have been described in reference to the environment in
which they were developed, they are merely illustrative of the
principles of the inventions. Other embodiments and
configurations may be devised without departing from the

spirit of the inventions and the scope of the appended claims.

11
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We claim:

1. A tip for an optical fiber comprising:

a cap having a bore aligned with an inner optical surface and
an outer optical surface, the bore sized to frictionally
engage the optical fiber, the inner optical surface including
a plurality of micro structures, the outer optical surface

including a plurality of micro structures.
2. The tip of claim 1 further comprising:

an air gap between the optical fiber and the inner

optical surface.
3. The tip of claim 1 further comprising:

index transition material between the optical fiber and

the inner optical surface.
4. The tip of claim 1 further comprising:

an air gap between the inner optical surface and the

outer optical surface.

5. A light management cap for directing energy from an optical

fiber comprising:
an engagement zone for engaging the optical fiber;

a matching zone for matching optical characteristics

between the optical fiber and the light management cap;

a body zone for modifying at least one characteristic of

the optical energy; and
an output zone for directing the optical energy.

6. The light management cap of claim 5 wherein the engagement

zone further comprises a generally cylindrical bore, the

12
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matching zone further comprises an air gap, the body zone
further comprises one or more air gaps, and the output zone

further comprises a plurality of microstructures.

7. The light management cap of claim 5 wherein the engagement
zone further comprises a bore having a generally square cross
section, the matching zone further comprises an air gap, the
body zone further comprises one or more air gaps, and the

output zone further comprises a plurality of microstructures.

8. The light management cap of claim 5 wherein the engagement
zone further comprises a generally cylindrical bore, the
matching zone further comprises index matching material
between the optical fiber and the body zone, the body zone
further comprises one or more air gaps, and the output zone

further comprises a plurality of microstructures.

9. An optical fiber adapter for directing energy from an

optical fiber to an end element comprising:
an input bore for engaging the optical fiber;
an input surface optically aligned with the input bore;
an output bore for engaging the end element;

an output surface optically aligned between the input

surface and the output bore;

a transition body between the input surface and the

output surface; and

one or more energy conforming elements in the transition
body.

10. The optical fiber adapter of claim 9 wherein the
transition body and at least one of the one or more energy

conforming elements are formed of dissimilar materials.

13
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11. The optical fiber adapter of claim 9 wherein at least one
of the one or more energy conforming elements are formed of

glass.

12. The optical fiber adapter of claim 9 wherein the

transition body is flexible.

13. The optical fiber adapter of claim 9 wherein the input
bore has a circular cross-section and the output bore has a

generally rectangular cross-section.
14. The optical fiber adapter of claim 9 further comprising:

an air gap between the optical fiber and the input

surface; and

an air gap between the end element and the output

surface.

14
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