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HOMOGENIZATION OF FAR FIELD FIBER COUPLED RADIATION

Related Application

This application claims priority under 35 U.S.C. section 119(e) from U.S.
Provisional Application No. 61/297,700, filed January 22, 2010, by Sang-Ki Park et al.,
titted “HOMOGENIZATION OF FAR FIELD FIBER COUPLED RADIATION” assigned
attorney docket number OCL-0303-PV, which is incorporated by reference herein in

its entirety.

Field of the Invention

Optical systems and components thereof are disclosed which may be used for
efficiently coupling laser energy into an optical conduit while maintaining a
homogenous far field beam output from the optical conduit. Some embodiments are
directed more specifically to far field beam homogenization of optical fiber coupled

radiation from a plurality of discrete emitters.

Background

Applications requiring light energy and, in some embodiments, laser energy,
may benefit from the use of solid state light sources such as laser diodes which are
commonly available, reliable to operate and relatively cost effective as a laser energy
source. Such devices may include a plurality of laser emitters in a single bar that
each emit laser light simultaneously in a substantially parallel orientation. In addition,
multiple solid state or laser emitter bars may be disposed in a stacked configuration
so as to generate even higher power levels in some instances. Laser diode bars are
often used for communication technology devices, medical applications and other
applications such as military applications. For some of these applications, as well as
others, it may be desirable to couple the output of all the emitters of a single solid
state emitter bar or multiple bars in a stacked configuration into a single optical fiber or

other optical conduit.



10

15

20

25

30

WO 2011/091170 PCT/US2011/021931

In some circumstances, coupling laser radiation from a linear array of multiple
discrete emitters into an optical conduit may result in a non-homogeneous output from
the optical conduit in the far field pattern emitted from the optical conduit. Such a non-
homogeneous far field pattern may result from the discrete angular distribution of the
multiple emitters being coupled into the optical conduit relative to a longitudinal input
axis of the optical conduit. This may be particularly true in optical system
embodiments which require each beam to be spaced from adjacent beams while
propagating through at least some of the optical components of the optical system.
For some systems, the separation includes gaps between adjacent beams which may
then result in discrete launch angles for each beam or set of beams into the optical
conduit. The discrete launch angles into the optical conduit generate a non-
homogeneous far field pattern of emission from the optical conduit. This type of far
field pattern may include low intensity regions that cause inefficient coupling or
transmission of the light in the far field. In addition, this type of far field pattern may
include high intensity regions or hot spots that may cause damage to materials with
which the far field beam interacts.

What has been needed are methods and devices for generating a homogenous
or substantially homogeneous far field beam distribution for the output of an optical
conduit. More specifically, what has been needed are methods and devices for
generating homogeneous far field beam patterns from an optical conduit from an input

source with multiple beams having discrete launch angles.

Summary

Some embodiments of an optical system include a plurality of equally and
linearly spaced emitters in a linear array configured to generate a respective plurality
of substantially parallel equally spaced output beams. The output beams propagate
along output axes of the respective emitters in a symmetrical distribution about a
center output beam axis of a center emitter. The system may also include a focusing
optic which has an optical axis of symmetry and which is configured to focus or
otherwise condense the plurality of substantially parallel output beams from the
emitters. The focusing optic may be transversely shifted such that the optical axis of
symmetry of the focusing optic is displaced about one eighth the pitch of the plurality

of emitters to about three eighths the pitch of the plurality of emitters from the center
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output axis. The optical system may also include an optical conduit positioned such
that an input surface of the optical conduit is operatively coupled to an output axis and
focal region of the focusing optic. In some instances, the system may include a beam
reformatting optic configured to rotate each beam about its axis about 80 degrees to
about 100 degrees, more specifically, about 88 degrees to about 92 degrees. Some
system embodiments also include a fast axis collimator, a slow axis collimator or both
which may be operatively coupled to the beam axes.

Some embodiments of an optical system include a plurality of equally and
linearly spaced emitters in a linear array configured to generate a respective plurality
of substantially parallel equally spaced output beams. The output beams may
propagate along output axes of the respective emitters in a symmetrical distribution
about a center output beam axis of a center emitter. The system may also include a
focusing optic which is configured to focus or otherwise condense the plurality of
substantially parallel output beams from the emitters. The focusing optic includes an
optical axis of symmetry aligned or substantially aligned with the center output axis.
The system also has an optical conduit which has a transmitting core. The
transmitting core of the optical conduit includes an input surface that is operatively
coupled to an output axis and focal region of the focusing optic. The transmitting core
further includes a longitudinal axis disposed at a tilt angle with respect to the center
beam output axis. The tilt angle may lie substantially in a plane defined by the
plurality of beams incident on the optical conduit. The tilt angle may have a
magnitude of about one half of the angle formed between adjacent emitter beam axes
for beams disposed between the focusing optic and the input of the optical conduit.
Some system embodiments also include a beam reformatting optic configured to
rotate each beam about a longitudinal axis of the beam by about 80 degrees to about
100 degrees, more specifically, about 88 degrees to about 92 degrees. For some
embodiments, the angle formed between adjacent emitter axes between the focusing
optic and the input of the optical conduit may be substantially equal to the pitch
between adjacent emitters divided by the focal length of the focusing optic. Some
system embodiments also include a fast axis collimator, a slow axis collimator or both
which may be operatively coupled to the beam axes.

Some embodiments of an optical system include a plurality of equally and
linearly spaced emitters in a linear array. The emitters may be configured to generate

a respective plurality of substantially parallel equally spaced output beams which
3
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propagate along output axes of the respective emitters in a symmetrical distribution
about a center output axis of a center emitter. A focusing optic may be operatively
coupled to the plurality of emitters and configured to focus the plurality of substantially
parallel output beams from the emitters. The system may also include an optical
conduit having a transmitting core which includes an input surface that is operatively
coupled to an output axis and focal region of the focusing optic. The transmitting core
includes a longitudinal axis disposed substantially parallel to the center output axis of
the center emitter. The input surface also includes an input angle with respect to a
plane that is orthogonal to the longitudinal axis of the transmitting core. The input
angle lies substantially in a plane defined by the plurality of beams incident on the
optical conduit and may have a magnitude of about

01/ 4(n-1)

wherein 04 is the angle formed between adjacent emitter beam axes of beams
between the focusing optic and the input of the optical conduit and n is the index of
refraction of the transmitting core. In some instances, the system also includes a
beam reformatting optic configured to rotate each beam about a longitudinal axis of
each beam by about 80 degrees to about 100 degrees, more specifically, about 88
degrees to about 92 degrees. For some embodiments, the angle formed between
adjacent emitter axes between the focusing optic and the input of the optical conduit is
substantially equal to the pitch between adjacent emitters divided by the focal length
of the focusing optic. Some system embodiments also include a fast axis collimator, a
slow axis collimator or both which may be operatively coupled to the beam axes.

Some embodiments of an optical system include a plurality of equally and
linearly spaced emitters configured to generate a respective plurality of substantially
parallel equally spaced output beams. The output beams are configured to propagate
along output axes of the respective emitters in a symmetrical distribution about a
center output axis of a center emitter. A focusing optic may be operatively coupled to
the plurality of emitters and configured to focus or otherwise condense the plurality of
substantially parallel output beams from the emitters. The system may also include
an optical conduit that has a transmitting core. The transmitting core may include an
input surface that is operatively coupled to an output axis and focal region of the
focusing optic. The transmitting core may also include a longitudinal axis disposed
substantially parallel to the center output axis of the center emitter. The input surface

includes two facets in a chisel-like configuration forming input angles which are
4
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measured between each respective facet surface and a plane that is orthogonal to the
longitudinal axis of the transmitting core. The input angles lie substantially in a plane
defined by the plurality of beams incident on the optical conduit and may have a
magnitude of about

01/ 4(n-1)

wherein 04 is the angle formed between adjacent emitter beam axes of beams
between the focusing optic and the input of the optical conduit and n is the index of
refraction of the transmitting core. For some embodiments, the two facets of the input
surface have a convex configuration and for other embodiments the two facets of the
input surface of the transmitting core have a concave configuration. For some
embodiments, the system may also include a beam reformatting optic configured to
rotate each beam about a longitudinal axis of each beam by about 80 degrees to
about 100 degrees, more specifically, about 88 degrees to about 92 degrees. For
some embodiments, the angle formed between adjacent emitter axes between the
focusing optic and the input of the optical conduit is substantially equal to the pitch
between adjacent emitters divided by the focal length of the focusing optic. Some
system embodiments also include a fast axis collimator, a slow axis collimator or both
which may be operatively coupled to the beam axes.

Some embodiments of an optical system include a plurality of equally and
linearly spaced emitters configured to generate a respective plurality of substantially
parallel equally spaced output beams. The output beams are configured to propagate
along output axes of the respective emitters in a symmetrical distribution about a
center output axis of a center emitter. A focusing optic may be operatively coupled to
the plurality of emitters and configured to focus or otherwise condense the plurality of
substantially parallel output beams from the emitters. The system may also include
an optical conduit having a transmitting core with an input surface that is operatively
coupled to an output axis and focal region of the focusing optic. The transmitting core
of the optical conduit has a longitudinal axis which may be disposed substantially
parallel to the center output axis of the center emitter. The input surface includes four
facets in a convex trocar-like configuration forming input angles which are measured
between each respective facet surface and a plane that is orthogonal to the
longitudinal axis of the transmitting core. The input angles may have a magnitude of
about

01/ 4(n-1)
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wherein 04 is the angle formed between adjacent emitter beam axes of beams
between the focusing optic and the input of the optical conduit and n is the index of
refraction of the transmitting core. For some embodiments, the system may include a
beam reformatting optic configured to rotate each beam about a longitudinal axis of
each beam by about 80 degrees to about 100 degrees, more specifically, about 88
degrees to about 92 degrees. For some embodiments, the angle formed between
adjacent emitter axes between the focusing optic and the input of the optical conduit is
substantially equal to the pitch between adjacent emitters divided by the focal length
of the focusing optic. Some system embodiments also include a fast axis collimator, a
slow axis collimator or both which may be operatively coupled to the beam axes.

Some embodiments of an optical system include a plurality of equally and
linearly spaced emitters configured to generate a respective plurality of substantially
parallel equally spaced output beams. The output beams are configured to propagate
along output axes of the respective emitters in a symmetrical distribution about a
center output axis of a center emitter. A focusing optic may be operatively coupled to
the plurality of emitters and configured to focus or otherwise condense a plurality of
substantially parallel output beams from the emitters. The system also includes an
optical conduit with a transmitting core. The transmitting core has an input surface
which is operatively coupled to an output axis and focal region of the focusing optic.
The input surface includes a rounded configuration having an apex substantially
centered on the input surface. For some embodiments, the system may include a
beam reformatting optic configured to rotate each beam about a longitudinal axis of
each beam by about 80 degrees to about 100 degrees, more specifically, about 88
degrees to about 92 degrees. Some system embodiments also include a fast axis
collimator, a slow axis collimator or both which may be operatively coupled to the
beam axes. In some instances, the rounded configuration of the input surface of the
transmitting core may be substantially spherical and may have a radius of curvature of
about 0.4 mm to about 1.2 mm.

Some embodiments of an optical system including a plurality of linearly spaced
emitters configured to generate a respective plurality of substantially parallel equally
spaced output beams along output axes of the respective emitters in a symmetrical
distribution about a center output axis of a center emitter. A focusing optic may be
operatively coupled to the plurality of emitters and configured to focus a plurality of

substantially parallel output beams from the emitters. The system may also include
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an optical conduit having a transmitting core that includes an input surface which is
operatively coupled to an output axis and focal region of the focusing optic. The input
surface of the optical conduit includes a cylindrical lens element substantially centered
on the input surface. The input surface also has a radius of curvature lying
substantially in a plane defined by the beams incident on the optical conduit. For
some embodiments the cylindrical lens element has a convex configuration and for
some embodiments the cylindrical lens element has a concave configuration. The
radius of curvature of the cylindrical lens element may be about 0.2 mm to about 1.5
mm in some instances. For some embodiments, the system may also include a beam
reformatting optic configured to rotate each beam about a longitudinal axis of each
beam by about 80 degrees to about 100 degrees, more specifically, about 88 degrees
to about 92 degrees. Some system embodiments also include a fast axis collimator, a
slow axis collimator or both which may be operatively coupled to the beam axes.
Some embodiments of an optical system include a plurality of equally and
linearly spaced emitters configured to generate a respective plurality of substantially
parallel equally spaced output beams. The output beams may be configured to
propagate along output axes of the respective emitters in a symmetrical distribution
about a center output axis of a center emitter. A focusing optic may be operatively
coupled to the plurality of emitters and configured to focus or otherwise condense the
plurality of substantially parallel output beams from the emitters. The system may
also include an optical conduit having a transmitting core that includes an input
surface which is operatively coupled to an output axis and focal region of the focusing
optic. An optical shift element may be disposed generally between the plurality of
emitters and focusing optic. The optical shift element may be configured to refract
and shift the optical axes of the output beams which are on one side of the center
output beam axis. Some embodiments of the system may also include a beam
reformatting optic configured to rotate each beam about a longitudinal axis of the
beam by about 80 degrees to about 100 degrees, more specifically, about 88 degrees
to about 92 degrees. Some embodiments of the optical shift element include a block
of transmissive material having an input surface which is parallel to an output surface.
The optical shift element may also include a wedge of transmissive material. Some
system embodiments also include a fast axis collimator, a slow axis collimator or both

which may be operatively coupled to the beam axes.
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Some embodiments of an optical system include a plurality of equally and
linearly spaced emitters configured to generate a respective plurality of substantially
parallel equally spaced output beams. The beams may be configured to propagate
along output axes of the respective emitters in a symmetrical distribution about a
center output axis of a center emitter. A focusing optic may be operatively coupled to
the plurality of emitters and configured to focus or otherwise condense the plurality of
substantially parallel output beams from the emitters. The system may also include
an optical conduit having a transmitting core that has an input surface which is
operatively coupled to an output axis and focal region of the focusing optic. The
optical system may also include a telescope array which is disposed in operative
arrangement within an optical train of the optical system between the plurality of
linearly spaced emitters and the focusing optic. Some system embodiments also
include a fast axis collimator, a slow axis collimator or both which may be operatively
coupled to the beam axes. For such embodiments, the telescope array may be
disposed between the fast axis collimator and focusing optic. In some instances, the
telescope array may be disposed between an optional beam reformatting optic and a
slow axis collimator of the optical system. In some embodiments, the telescope array
may be so disposed immediately adjacent the optional beam reformatting element or
optic. The telescope array may be configured to expand each beam from the laser
emitter bar to contact or overlap adjacent beams prior to focusing of the beams into
the optical conduit. The expansion of each beam may be achieved by the telescope
elements without adding substantial or significant divergence or convergence of the
individual beams. For some embodiments, the system may include a beam
reformatting optic which may be configured to rotate each beam about its axis about
80 degrees to about 100 degrees, more specifically, about 88 degrees to about 92
degrees. For some embodiments, the telescope array may include an array of
Keplerian telescopes having a pitch substantially the same as the plurality of linearly
spaced emitters. For some embodiments, the telescope array may include an array of
Galilean telescopes having a pitch substantially the same as the plurality of linearly
spaced emitters.

These features of embodiments will become more apparent from the following
detailed description when taken in conjunction with the accompanying exemplary

drawings.
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Brief Description of the Drawings

FIG. 1 is a schematic representation of a far field beam output pattern from an
optical fiber.

FIG. 1A is a perspective view of an embodiment of a laser emitter bar.

FIG. 2 is a top view of an optical system for coupling multiple emitters to an
optical conduit.

FIG. 3 is an elevation view of the optical system of FIG. 2.

FIG. 3A is an elevation view of an embodiment of a beam reformatting optic.

FIG. 3B is a perspective view of the beam reformatting optic of FIG. 3A.

FIG. 4 is a schematic view of an optical system with multiple parallel beams
with a focusing lens disposed in a centered symmetrical configuration with respect to
the center beam.

FIG. 4A is a transverse cross section of the optical fiber of FIG. 4 taken along
lines 4A-4A of FIG. 4.

FIG. 5 is a schematic view of the optical system of FIG. 4 with multiple parallel
beams with the focusing lens transversely shifted by about one half the transverse
pitch of the multiple parallel beams.

FIG. 5A is a schematic view of the optical system of FIG. 4 with multiple
parallel beams with the focusing lens transversely shifted by about one quarter the
transverse pitch of the multiple parallel beams.

FIG. 6 is a schematic view of an optical system with multiple parallel beams
focused into an optical fiber having a longitudinal axis which is tilted relative to an
optical axis of the multiple parallel beams.

FIG. 7 is an elevation view of an optical fiber having an angled input surface
which is non-orthogonal relative to a longitudinal axis of the optical fiber.

FIG. 7A is a transverse cross section of the optical fiber of FIG. 7 taken along
lines 7A-7A of FIG. 7.

FIG. 8 depicts a ray trace of the refraction of a beam propagating through air
and incident on an optical fiber input surface which is orthogonal to a longitudinal axis
of the optical fiber.

FIG. 9 depicts a ray trace of refraction of a beam propagating through air and
incident on an optical fiber input surface which forms an angle a with respect a plane

which is orthogonal to a longitudinal axis of the optical fiber.
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FIG. 10 is an elevation cut away view of an input section of an optical fiber
having a convex chisel-shape input surface.

FIG. 11 is an end view of the input surface of the optical fiber of FIG. 10.

FIG. 12 is an elevation cut away view of an input section of an optical fiber
having a concave chisel-shape input surface.

FIG. 13 is an end view of the input surface of the optical fiber of FIG. 12.

FIG. 14 is an end view of an optical fiber having a pyramid shaped input
surface with four facets and an outline of a square shaped incident beam shown on
the input surface.

FIG. 15 is an elevation cut away view of the input section of the optical fiber of
FIG. 14.

FIG. 16 is an end view of an optical fiber having a pyramid shaped input
surface with four facets and an outline of a square shaped incident beam shown on
the input surface.

FIG. 17 is an elevation cut away view of the input section of the optical fiber of
FIG. 16.

FIG. 18 is an elevation cut away view of an input section of an optical fiber
having a convex spherical input surface configuration.

FIG. 19 is an end view of an input surface of the optical fiber of FIG. 18.

FIG. 20 is an elevation cut away view of an input section of an optical fiber
having a concave spherical input surface configuration.

FIG. 21 is an end view of an input surface of the optical fiber of FIG. 20.

FIG. 22 is an elevation cut away view of an input section of an optical fiber
having a convex cylindrically lensed input surface configuration.

FIG. 23 is an end view of an input surface of the optical fiber of FIG. 22.

FIG. 24 is an elevation cut away view of an input section of an optical fiber
having a concave cylindrically lensed input surface configuration.

FIG. 25 is an end view of an input surface of the optical fiber of FIG. 24.

FIG. 26 is a schematic representation of a far field beam output pattern from an
optical fiber illustrating a shift direction of high intensity annular regions of the pattern.

FIG. 27 is a schematic representation of a far field beam output pattern from an

optical fiber illustrating a shift direction of high intensity annular regions of the pattern.
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FIG. 28 is a side view of an optical system for coupling multiple parallel beams
and including an optical element used to laterally shift the position of beams disposed
on one side of the center beam or optical axis of the system.

FIG. 29 illustrates an array of Keplerian type telescope elements.

FIG. 30 illustrates a ray trace of a beam being transversely expanded by
passing through a single Keplerian type telescope element.

FIG. 31 illustrates a ray trace of a beam being transversely expanded by

passing through a single Galilean type telescope element.

Detailed Description

Embodiments discussed herein are directed to methods and devices for
manipulating an output of multiple emitters such as laser emitter bars or chips having
one or more emitters disposed therein. Embodiments discussed herein are also
directed to methods and devices for coupling an output of laser emitter bars to an
optical conduit, such as an optical fiber. Some optical system embodiments which are
useful for coupling the output beams of multiple emitters to an optical conduit may
include a beam reformatting optic. Some embodiments of such optical systems may
include a beam reformatting optic that rotates each beam from each emitter
individually or performs some other reformatting function. For such embodiment, it
may be desirable to maintain spatial separation between each beam as they
propagate through at least a portion of the optical train of the optical system. If the
beams of the optical system are separated from adjacent beams upon launch into an
optical conduit, the discrete launch angles of each beam or set of beams may result in
a non-homogeneous output distribution in the far field pattern of the output of the
optical conduit.

FIG. 1 illustrates an embodiment of a far field pattern 10 from an output of an
optical conduit in the form of a multimode optical fiber. The far field pattern 10 shown
is the result of coupling the output beams of five emitters of a laser emitter bar having
five respective emitters. The center region 12 of high intensity of the far field pattern
10 may correspond to an output beam of the center emitter of the laser emitter bar.
The center emitter of the laser emitter bar may be aligned with an optical axis of the
optical system that couples the beams to the optical conduit. The first ring 14 of high

11
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intensity disposed about the center region 12 is generated from the two beams
adjacent the center beam, or center +1 and center -1 beams. For an optical system
having a symmetrical optical axis with respect to the center emitter, each beam
adjacent the center beam may have a similar launch angle into the optical fiber and
contributes to the first high intensity ring 14. Similarly, the second ring 16 of high
intensity light disposed about but separated from the first ring 14 of high intensity, may
be generated from the outside beam pair from a laser emitter bar. The beam pair has
a launch angle with the greatest magnitude of the five beams of such a system. Once
again, each outermost beam, center +2 and center -2, has a similar launch angle into
the optical fiber and contributes to the second high intensity ring 16. The pattern 10
also includes a first low intensity ring 17 and a second low intensity ring 18.

FIGS. 2 and 3 illustrate an optical system embodiment 20 for coupling an
output of a laser emitter bar 22 having five emitters to an optical conduit in the form of
an optical fiber 24. The optical system 20 shown includes a laser emitter bar 22, such
as the laser emitter bar illustrated in FIG. 1A, a fast axis collimator 26, a slow axis
collimator 28, a focusing optic 32 and an optical conduit in the form of the optical fiber
24. The system 20 also includes a beam reformatting optic 34. In general, light is
generated by each of the five emitters of the laser emitter bar 22 and propagates into
the fast axis collimator 26 which collimates each beam along the fast axis 36, shown
in FIG. 1A. Each beam then passes through the beam reformatting optic 34 which
rotates each beam individually about a longitudinal axis of each respective beam. For
some embodiments, each beam is rotated about 90 degrees. Each beam then
passes through a slow axis collimator 28 which substantially collimates each beam
along the slow axis thereof. Finally, each beam and the beam pattern or array of all
five beams together is focused or otherwise condensed by the focusing optic 32 into
an input surface 37 of the optical fiber 24. It should be noted that the fast axis
collimator 26 and slow axis collimator 28 may be configured to exert their optical
power in the same plane in systems which include a beam reformatting optic that
rotates each beam, as is shown in the system of FIGS. 2 and 3. In addition, the fast
axis collimator 26 may include a single optical element or multiple optical elements
depending on the configuration of the output beams incident upon the fast axis
collimator. The same holds true for the slow axis collimator 28. For the system

embodiment 20 shown in FIGS. 2 and 3, both the fast axis collimator 26 and slow axis
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collimator 28 are single lens units that extend and are effective across the output
beam array.

Regarding the laser emitter bar 22, FIG. 1A illustrates the laser emitter bar 22
having an output surface 38 that includes a total of 5 emitters 42 which have optical
axes 44 that are substantially parallel to each other beam 46. Although optical
system embodiments discussed herein are generally directed to use with single
emitter bars, a stacked array of 2, 3, 4, 5 or more laser emitter bars 22 may be used
with some embodiments. The emitters 42 of the laser emitter bar 22 are disposed in a
substantially linear row along a slow axis direction of the emitters, as indicated by
arrow 48 in FIG. 1A. A fast axis direction of the emitters is perpendicular to the slow
axis direction and is indicated by arrow 36 in FIG. 1A. The emitters are positioned or
otherwise configured so as to emit light energy in output beams 46 that propagate
along an emission or beam axis 44 which may be perpendicular to both the slow axis
direction 48 and fast axis direction 36. It should be noted that the fast axis direction
indicated by arrow 36 and slow axis direction indicated by arrow 48 shown in FIG. 1A
are applicable to beams immediately adjacent the laser emitter bar 22. For system
embodiments that include beam reformatting optics, such as those that rotate the
beams, the orientation of either or both of these axes may change depending on the
location within the optical system.

Laser emitter bar embodiments 22 may have any suitable number of emitters,
such as about 1 emitter to about 100 emitters, more specifically, about 3 emitters to
about 12 emitters. For some embodiments, each laser emitter bar 22 having about 5
emitters 16 may have an output power of about 5 Watts (W) to about 90 W, more
specifically, about 15 W to about 70 W, and even more specifically, about 20 W to
about 30 W. Emitters 42 may include laser diodes such as edge emitting laser
diodes, vertical cavity surface emitting lasers (VCSELSs) and the like. Materials for the
emitters 42 of the laser emitter bar 22 may include semiconductor materials such as
GaAs, InP or any other suitable laser gain medium.

Generally, the emitting aperture of a laser diode embodiment of an emitter
embodiment 42 may be rectangular in shape with the long dimension of the emitter
having a size of typically tens or hundreds of microns, while the short dimension is
typically one to several microns in size. Radiation emerging from an emitter 42
diverges with the divergence angle being greater along the short emitter direction.

Divergence angles are lower in the direction of the long emitter direction. Some
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embodiments of the emitters 42 may have a physical width of about 30 microns to
about 300 microns, more specifically, about 50 microns to about 200 microns, and the
emitters may have a height of about 1 micron to about 3 microns. Some emitter
embodiments 42 may have a cavity length of about 0.5 mm to about 10 mm, more
specifically, about 1 mm to about 7 mm, and even more specifically, about 3 mm to
about 6 mm. Such emitter embodiments 42 may have a divergence of light energy
output of about 2 degrees to about 14 degrees, more specifically, about 4 degrees to
about 12 degrees, in the slow axis direction and a divergence of light energy output of
about 30 degrees to about 75 degrees in the fast axis direction.

Some embodiments of the laser emitter bars 22 may have emitters 42 that emit
light energy having a wavelength of about 700 nm to about 1500 nm, more
specifically, about 800 nm to about 1000 nm. Emitters 42 may emit light having a
centroid or peak wavelength of about 300 nm to about 2000 nm, more specifically, of
about 600 nm to about 1000 nm, including wavelengths across the near infrared
spectrum. Some particular embodiments of useful emitters 42 may emit light at a
peak wavelength of about 350 nm to about 550 nm, 600 nm to about 1350 nm or
about 1450 nm to about 2000 nm. Such laser diode bars 22 may be operated in
either a pulsed mode or continuous wave mode. Frequently, the output spectral band
of individual emitters 42 which are not wavelength controlled (for example wavelength
controlled by providing wavelength-dependent feedback from a volume index grating
or the like) may be about 0.5 nm to about 2.0 nm or more. Due to the variation in
peak emission wavelength in addition to the spectral band for each individual emitter
42, the overall bandwidth of the laser emitter bar may be about 2 nm to about 5 nm,
for some embodiments.

Regarding the beam reformatting optic 34, FIG. 3A illustrates an embodiment
of such an optic in the form of a refractive offset cylindrical lens array 34. The lens
array 34 is included in the optical system 20 of FIGS. 2 and 3 and is configured for 90
degree rotation of each discrete beam 46 from each emitter 42 of the laser emitter bar
22. FIG. 3B is a perspective view of the refractive offset cylindrical lens array 34. The
optic 34 includes an array of opposed pairs of diagonally oriented cylindrical lenses
52. Each opposed pair of lenses 52 of the beam reformatting optic 34 may have a
lateral separation or pitch 54 that is substantially the same as the lateral separation or
pitch of the individual emitters 42 of the laser emitter bar 22 of the system 20. The

refractive beam reformatting optic may be made from any suitable optical material
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such as glass, quartz, silica or the like. A transmissive block 56 disposed between
each opposed pair of lenses 52 may be sized such that any opposing symmetrical
pair of cylindrical lens elements 52 focus at the same point or line within the body of
the transmissive block 56. Such a configuration may be adjusted such that it will
rotate an incident output beam 46 about the longitudinal axis 44 of the beam 46 by
approximately 90 degrees such that the fast axis and slow axis of the output beam 46
may be reversed. The rotation of the individual output beams 46 may be useful to
achieve a symmetrical beam product and beam profile between the fast axis and slow
axis and may facilitate subsequent focusing or concentration of the output beams 46
while maintaining brightness. The slant or angular orientation of the cylindrical lens
elements 52 of the beam reformatting optic 34 may be set to an angle of about 40
degrees to about 50 degrees, as indicated by arrows 58 in FIG. 3A.

As discussed above, each emitter 42 of the laser emitter bar 22 emits a
discrete beam 46 that is substantially collimated along the fast axis by the fast axis
collimator. Each beam then passes through a respective lens pair of the beam
reformatting optic 34 for rotation about an optical axis of each beam of about 80
degrees to about 100 degrees, more specifically, about 88 degrees to about 92
degrees. Once the output beams 46 have passed through the beam reformatting
optic 34, they pass through the slow axis collimator 28. Because the fast and slow
axes of the output beams 46 have been reversed by the beam reformatting optic 34,
the slow axis collimator 28 disposed after the beam reformatting optic 34 may be a
singlet cylindrical lens. The slow axis collimator 28 substantially collimates each
individual beam 46 along the slow axis direction. After transmission through the slow
axis collimator 28, each substantially collimated beam 46 propagates to the focusing
optic 32.

The focusing optic 32 may include a single lens or multiple optics that is
configured to focus or otherwise condense the substantially collimated beams 46 to a
region or focal point which may then be directed into the input surface 37 of the optical
conduit or optical fiber 24. The optical conduit shown includes the optical fiber 24
which may be a multimode optical fiber having an amorphous core material and an
amorphous cladding material having an index of refraction less than an index of
refraction of the core material. Although a solid material multimode optical fiber
embodiment 24 is shown, any other suitable optical conduit may be used. In

particular, the optical conduit may include single mode optical fibers, hollow
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waveguides, crystalline optical fibers, polymer optical fibers or the like. Because the
beam reformatting optic 34 operates on each beam discretely without overlap or
contact between beams 46, each beam incident on the focusing optic 32 may still be
discrete without contact or overlap. As such, each beam 46 or symmetrical pair of
opposed beams will be focused by the focusing optic 32 and launch into the input
surface 37 of the optical fiber 24 at a discrete angle. This arrangement may then
produce a beam intensity distribution in the far field emission pattern 10 from an
output surface (not shown) of the optical fiber 24 as indicated by the pattern 10 of FIG.
1. This is particularly true for the embodiment shown wherein the optical axis 44 of
the center beam is substantially aligned with an optical axis of the focusing lens 32.
The non-homogeneous far field pattern 10 of FIG. 1 may be undesirable for a
variety of reasons depending on how the high intensity output of the optical fiber 24
will be used. As discussed above, this type of far field pattern 10 includes low intensity
regions 17 and 18 that may cause inefficient coupling or transmission of the light in
the far field. In addition, this type of far field pattern 10 includes high intensity regions
14 and 16 or hot spots that may cause damage to materials with which the far field
beam interacts. Therefore, for some applications, it may be desirable to either blur
the discreteness of the far field pattern shown in FIG. 1. It may also be desirable to
shift high intensity portions of the output pattern into low intensity regions of the output
pattern or vice versa, in order to substantially homogenize the far field pattern 10.
FIGS. 4-5A illustrate an embodiment of a focusing lens 32 and optical fiber 24
that may be used in the optical system 20 of FIGS. 2 and 3 in order to substantially
homogenize the far field pattern 10 emitted from the optical fiber 24. FIG. 4 illustrates
a typical embodiment of five discrete beams 46 having a pitch P directed onto a
focusing optic 32. For the embodiment of FIG. 4, the optical axis 62 of the center
beam 64 is substantially aligned with an optical axis 66 of a core 68 of the optical fiber
24. The optical fiber may also include a cladding 70, which may be a step index
cladding as shown in FIG. 4A. Such an arrangement, similar to that shown in FIGS. 2
and 3, may produce the non-homogenous far field pattern 10 shown in FIG. 1. FIG. 5
illustrates a different arrangement whereby the optical axis of the beams 46 have
been laterally shifted with respect to the optical axis of the focusing lens 32 and
optical fiber 24 by about one half the pitch P of the individual beams 46. The lateral
shifting of the optical axis of the focusing lens 32 with respect to the optical axis 62 of

the center beam 64 of the output of the laser emitter bar 22 may be used to blur the
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far field pattern 10 of the optical fiber 24. FIG. 5A illustrates another embodiment of
this approach. FIG. 5A includes a focusing optic 32 and optical conduit 24 that may
be incorporated into the optical system 20 shown in FIGS. 2 and 3.

Such an optical system 20 may include a plurality of linearly spaced emitters 42
configured to generate a respective plurality of substantially parallel equally spaced
output beams 46 along output axes 44 of the emitters 42 in a symmetrical distribution
about a center output axis of a center emitter. The focusing optic 32 includes an
optical axis of symmetry, which is configured to focus the plurality of substantially
parallel output beams 46 from the emitters 42. The optical conduit 24 is positioned
such that an input surface 37 of the optical conduit 24 is operatively coupled to an
output axis and focal region of the focusing optic 32. The focusing optic 32 is also
transversely shifted such that the optical axis of symmetry of the focusing optic is
displaced about one eighth the pitch of the plurality of emitters 42 to about three
eighths the pitch of the plurality of emitters 42 from the center output axis of the center
beam. For some embodiments, the focusing optic 32 is transversely shifted about
one quarter the pitch P of the plurality of emitters 42 from the center output axis.
Some system embodiments also include a fast axis collimator 26, a slow axis
collimator 28 or both which may be operatively coupled to the beam axes 44. The fast
axis collimator 26 may be configured to substantially collimate the output of each
emitter 42 in a fast axis direction and the slow axis collimator 28 may be configured to
substantially collimate the output of each emitter 42 in a slow axis direction. It should
be noted that the fast axis collimator 26 and slow axis collimator 28 may be configured
to exert their optical power in the same plane in systems which include a beam
reformatting optic 34 that rotates each beam 46, as is shown in the system of FIGS. 2
and 3.

FIG. 6 illustrates another approach for homogenizing the far field pattern of the
optical conduit 24. FIG. 6 illustrates a focusing optic 32 and optical fiber 24 that may
be incorporated into the optical system 20 of FIGS. 2 and 3. The optical system 20
may include a plurality of linearly spaced emitters 42 configured to generate a
respective plurality of substantially parallel equally spaced output beams 46 along
output axes 44 of the emitters 42 in a symmetrical distribution about a center output
axis of a center emitter. The focusing optic 32 is configured to focus the plurality of
substantially parallel output beams 46 from the emitters 42. The focusing optic 32

also includes an optical axis of symmetry aligned with the center output axis of the
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center beam. An optical conduit in the form of multimode optical fiber 24 includes a
transmitting core which includes an input that is operatively coupled to an output axis
and focal region of the focusing optic 32. The optical conduit 24 also includes a
longitudinal axis 66 disposed at a tilt angle ¢ with respect to the center output axis 62
of the center beam. The tilt angle @ lies substantially in a plane defined by the beams
46 incident on the focusing optic 32 and optical conduit 24. For some embodiments,
the tilt angle ¢ of the optical conduit 24 may have a magnitude of about one half of the
angle 64 formed between adjacent emitter axes between the focusing optic and the
input of the optical conduit. For some embodiments, the angle 64 formed between
adjacent emitter axes 44 between the focusing optic 32 and the input 37 of the optical
conduit 24 may be substantially equal to the pitch P between adjacent emitters 42
divided by the focal length of the focusing optic 32.

In some instances, system embodiments 20 may also include a fast axis
collimator 26, a slow axis collimator 28 or both which may be operatively coupled to
the beam axes 44. The fast axis collimator 26 may be configured to substantially
collimate the output of each emitter 42 in a fast axis direction and the slow axis
collimator 28 may be configured to substantially collimate the output of each emitter
42 in a slow axis direction.

FIGS. 7-9 illustrate another embodiment of a means for homogenizing a far
field pattern 10 of an optical conduit 24 coupled to discrete emitter beams 46. FIGS.
7-9 illustrate an optical conduit embodiment 24 that may be incorporated into the
optical system 20 of FIGS. 2 and 3. The optical system 20 may include a plurality of
linearly spaced emitters 42 configured to generate a respective plurality of
substantially parallel equally spaced output beams 46. The output beams 46 may
propagate along output axes 44 of the respective emitters 42 in a symmetrical
distribution about a center output axis of a center emitter. A focusing optic 32 may be
operatively coupled to the plurality of emitters 42 and configured to focus a plurality of
substantially parallel output beams 46 from the emitters 42. The optical conduit 24
may include a transmitting core 68 which includes an input surface 37 that is
operatively coupled to an output axis and focal region of the focusing optic 32. The
optical conduit may also include a cladding 70 for solid optical fiber embodiments of
the optical conduit 24. The optical conduit 24 may also include a longitudinal axis 66
disposed substantially parallel to the center output axis 62 of the center emitter. The

input surface 37 may further include an input angle a with respect to a plane that is
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orthogonal to the longitudinal axis 66 of the core of the optical conduit 24. For such
an embodiment, homogenization of the far field pattern 10 may require a proper
rotational orientation of the optical fiber 24 about a longitudinal axis 66 of the optical
fiber 24. In particular, the input angle a may lie substantially in a plane defined by the
beams 46 incident on the optical conduit 24 and focusing optic 32. The input angle a
may have a magnitude of about

01/ 4(n-1)

wherein 94 is the angle formed between adjacent emitter beam axes 44 of
beams 46 between the focusing optic 32 and the input 37 of the optical conduit 24 and
n is the index of refraction of the transmitting core of the optical fiber 24.

For some embodiments, the angle 61 formed between adjacent emitter axes 44
between the focusing optic 32 and the input 37 of the optical conduit 24 may be
substantially equal to the pitch P between adjacent emitters divided by the focal length
of the focusing optic 32. For some embodiments, the input angle a may be from
about 1 degree to about 3 degrees. Some system embodiments 20 also include a fast
axis collimator 26, a slow axis collimator 28 or both which may be operatively coupled
to the beam axes 44. The fast axis collimator 26 may be configured to substantially
collimate the output of each emitter 42 in a fast axis direction and the slow axis
collimator 28 may be configured to substantially collimate the output of each emitter
42 in a slow axis direction.

FIG. 8 illustrates a schematic representation of two rays or beams 46 refracting
at an interface between the input surface of an optical fiber and the air surrounding
the input surface. For the representation of FIG. 8, the fiber input surface 37 has no
input angle a. As such, the center beam 64 of a beam array (Ray 0) being focused by
a focusing optic 32 onto the fiber input surface 37 is substantially perpendicular to the
input surface 37 both before and after refraction. A beam that is adjacent the center
beam 64, indicated also as Ray 0, or center +1 beam, represented by Ray 1, forms an
angle of incidence 64 with the input surface 37 of the optical fiber. In general, 61 may
be equal to the pitch P of the beams or emitters before the focusing optic 32 divided
by the focal length of the focusing optic 32 as discussed above. For the embodiment
shown in FIG. 8, the angle separation 84 between Ray 0 and Ray 1 may create a non-
homogeneous far field pattern 10 as shown in FIG. 1 and discussed above.

FIG. 9 is a schematic representation of two rays refracting at an interface

between an input surface 37 of an optical fiber 24 and the air surrounding the input
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surface. For the embodiment shown in FIG. 9, the input surface 37 of the optical fiber
24 is angled at an angle a between the input surface 37 of the optical fiber 24 and a
plane 72 perpendicular to a longitudinal axis 66 of optical fiber core 68. For the
particular configuration of input angle, index of refraction of the material of the core of
the optical fiber, and incidence angles of Ray 0 and Ray 1, illustrated in FIG. 9, Ray 0
and Ray 1 are symmetric with the longitudinal axis 66 of the optical fiber 24 after
refraction.

For Ray 0 and Ray 1, the following equations are given by Snell's law:

sina =nsin O )

sin (84 + @) = n sin ©4 (2)

Where n is the index of refraction of the optical fiber core 68 and the air
disposed about the input surface 37 of the optical fiber core 68 has an index of
refraction of 1.

These equations (1) and (2) may be approximated as:

a=n dg (3)

81 + o= n Oy (4)

For the circumstance described above where Ray 0 and Ray 1 are symmetric
with the longitudinal axis 66 of the optical fiber 24, a center portion 12 of the far field
output pattern 10 of the optical fiber 24 would be dark or of low intensity. To achieve

this configuration,

a-Op=0-a (5)
Combining equations (3) - (5) gives
a=04/2(n-1) (6)

To fill the center portion 12 of the far field pattern 10, the input angle should be
about one half the angle a given in equation (6). Therefore, an embodiment of a
desired input angle o' for the core of the optical fiber that may be configured to
substantially homogenize the far field pattern of the optical fiber output may be about

a'=04/4(n-1)

as discussed above.

For some such embodiments, 61 may be equal to the pitch of the beams before
the focusing optic divided by the focal length of the focusing optic.

FIGS. 10-13 illustrate embodiments of a means for homogenizing a far field
pattern 10 of an optical conduit 24 coupled to discrete emitter beams 46. FIGS. 10

and 11 illustrate an optical conduit embodiment 24 that may be incorporated into the
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optical system 20 of FIGS. 2 and 3. The optical system 20 after incorporation may
include a plurality of linearly spaced emitters 42 configured to generate a respective
plurality of substantially parallel equally spaced output beams 46 along output axes 44
of the respective emitters in a symmetrical distribution about a center output axis 62 of
a center emitter. A focusing optic 32 may be operatively coupled to the plurality of
emitters 42 and configured to focus a plurality of substantially parallel output beams
46 from the emitters. The optical conduit 24 includes a transmitting core 68 and may
have an input surface 37 that is operatively coupled to an output axis and focal region
of the focusing optic 32. The optical conduit 24 may also include a longitudinal axis
66 disposed substantially parallel to the center output axis of the center emitter. The
input surface 37 of the optical conduit 24 has two facets 76 in a convex chisel-like
configuration forming input angles a which are measured between each respective
facet surface 76 and a plane 72 that is orthogonal to the longitudinal axis 66 of the
optical conduit 24. For such an embodiment, homogenization of the far field pattern
10 may require a proper rotational orientation of the optical fiber 24 about a
longitudinal axis 66 of the optical fiber 24. In particular, the input angles a may lie
substantially in a plane defined by the beams 46 incident on the optical conduit and
focusing optic 32. The input angles a may have a magnitude of about

01/ 4(n-1)

wherein 94 is the angle formed between adjacent emitter beam axes 44 of
beams 46 between the focusing optic 32 and the input 37 of the optical conduit 24 and
n is the index of refraction of the transmitting core 68. For some embodiments, the
angle formed between adjacent emitter axes 44 between the focusing optic 32 and
the input 37 of the optical conduit 24 is substantially equal to the pitch P between
adjacent emitters 42 divided by the focal length of the focusing optic 32. For some
embodiments, the input angles a may be from about 0.8 degrees to about 2 degrees.
Some system embodiments 20 also include a fast axis collimator 26, a slow axis
collimator 28 or both which may be operatively coupled to the beam axes 44. The fast
axis collimator 26 may be configured to substantially collimate the output of each
emitter 42 in a fast axis direction and the slow axis collimator 28 may be configured to
substantially collimate the output of each emitter 42 in a slow axis direction.

FIGS. 12 and 13 illustrate an embodiment similar to that of FIGS. 10 and 11,
except that the faceted chisel-like input surface 37 of the optical fiber 24 has a

concave chisel-like configuration. Such an arrangement may also be incorporated
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into the optical system 20 shown in FIGS. 2 and 3. The optical system as
incorporated may include a plurality of linearly spaced emitters 42 configured to
generate a respective plurality of substantially parallel equally spaced output beams
46 along output axes 44 of the respective emitters 42 in a symmetrical distribution
about a center output axis of a center emitter. A focusing optic 32 may be operatively
coupled to the plurality of emitters 42 and configured to focus a plurality of
substantially parallel output beams 46 from the emitters 42. An optical conduit 24
including a transmitting core 68 may have an input surface 37 that is operatively
coupled to an output axis and focal region of the focusing optic 32. The optical
conduit 24 may also include a longitudinal axis 66 disposed substantially parallel to
the center output axis of the center emitter. The input surface 37 of the optical conduit
24 has two facets 76 in a concave chisel-like configuration forming input angles a
which are measured between each respective facet surface 76 and a plane 72 that is
orthogonal to the longitudinal axis 66 of the optical conduit 24. For such an
embodiment, homogenization of the far field pattern 10 may require a proper
rotational orientation of the optical fiber 24 about a longitudinal axis 66 of the optical
fiber 24. In particular, the input angles a may lie substantially in a plane defined by the
beams 46 incident on the optical conduit 24 and disposed between the focusing optic
32 and the optical conduit 24. The input angles a may have a magnitude of about

01/ 4(n-1)

wherein 94 is the angle formed between adjacent emitter beam axes 44 of
beams 46 between the focusing optic 32 and the input 37 of the optical conduit 24 and
n is the index of refraction of the transmitting core 68. For some embodiments, the
angle 84 formed between adjacent emitter axes 44 between the focusing optic 32 and
the input 37 of the optical conduit 24 is substantially equal to the pitch P between
adjacent emitters 42 divided by the focal length of the focusing optic 32. For some
embodiments, the input angles a may be from about 0.8 degrees to about 2 degrees.
Some system embodiments 20 also include a fast axis collimator 26, a slow axis
collimator 28 or both which may be operatively coupled to the beam axes 44. The fast
axis collimator 26 may be configured to substantially collimate the output of each
emitter 42 in a fast axis direction and the slow axis collimator may be configured to
substantially collimate the output of each emitter 42 in a slow axis direction.

FIGS. 14-17 illustrate embodiments of a means for homogenizing a far field

pattern 10 of an optical conduit 24 coupled to discrete emitter beams 46. FIGS. 14
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and 15 illustrate an optical conduit embodiment 24 that may be incorporated into the
optical system 20 of FIGS. 2 and 3. FIG. 14 illustrates an end view of the input
surface 37 of the optical fiber embodiment 24 with an outline of a square shaped
incident laser beam 78 shown of the faceted input surface 37. For the embodiment
shown in FIGS. 14 and 15, the square outline 78 of the substantially focused beam
has corners disposed between or substantially equally spaced between facet
boundaries 80 of the input surface. FIGS. 16 and 17 illustrate the optical conduit 24 of
FIGS. 14 and 15, but with the corners of the square outline 78 of the substantially
focused input beam substantially aligned with the facet boundaries 80 of the input
surface 37.

The optical system 20 as incorporated may include a plurality of linearly spaced
emitters 42 configured to generate a respective plurality of substantially parallel
equally spaced output beams 46 along output axes 44 of the respective emitters 42 in
a symmetrical distribution about a center output axis 62 of a center emitter. The
focusing optic 32 may be operatively coupled to the plurality of emitters 42 and
configured to focus a plurality of substantially parallel output beams 46 from the
emitters 42. The optical conduit 24 may include a transmitting core 68 having an input
surface 37 that is operatively coupled to an output axis and focal region of the
focusing optic 32. The transmitting core 68 may have a longitudinal axis 66 which is
disposed substantially parallel to the center output axis 62 of the center emitter. The
input surface 37 of the optical conduit 24 may include four facets 82 in a convex
trocar-like configuration forming input angles a which are measured between each
respective facet surface 82 and a plane 72 that is orthogonal to the longitudinal axis
66 of the optical conduit core, as shown in FIG. 17. In some instances, achieving a
substantially homogenous far field pattern 10 for this type of arrangement is less
dependent upon the angular orientation of the optical fiber 24 and input surface 37
thereof. However, there is still some rotational orientation dependence. This
relatively weak rotational dependence occurs because only the areas of the beam
input spot indicated by the number "1" in FIG. 16 contribute to beam homogenization.
These facets indicated by the number "1" in FIG. 16 have input angles that lie in the
plane formed by the input beams.

For such an embodiment, the input angles a may have a magnitude of about

01/ 4(n-1)
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wherein 0 is the angle formed between adjacent emitter beam axes 44 of
beams 46 between the focusing optic 32 and the input surface 37 of the optical
conduit 24 and n is the index of refraction of the transmitting core 68. For some
embodiments, the angle 8, formed between adjacent emitter axes 44 between the
focusing optic 32 and the input surface 37 of the optical conduit 24 is substantially
equal to the pitch P between adjacent emitters 42 divided by the focal length of the
focusing optic 32. For some embodiments, the input angles a may be from about 1
degree to about 3 degrees. Some system embodiments 20 also include a fast axis
collimator 26, a slow axis collimator 28 or both which may be operatively coupled to
the beam axes 44. The fast axis collimator 26 may be configured to substantially
collimate the output of each emitter 42 in a fast axis direction and the slow axis
collimator 28 may be configured to substantially collimate the output of each emitter
42 in a slow axis direction.

FIGS. 18-21 illustrate embodiments of a means for homogenizing a far field
pattern 10 of an optical conduit 24 coupled to discrete emitter beams 46 that include
optical fibers 24 having rounded input surfaces 37. FIGS. 18 and 19 illustrate an
optical conduit embodiment 24 that may be incorporated into the optical system 20 of
FIGS. 2 and 3. The optical system 20 as incorporated may include a plurality of
linearly spaced emitters 42 configured to generate a respective plurality of
substantially parallel equally spaced output beams 46. The output beams 46 may be
generated and propagate along output axes 44 of the respective emitters 42 in a
symmetrical distribution about a center output axis 62 of a center emitter. The optical
system 20 may also include a focusing optic 32 operatively coupled to the plurality of
emitters 42. The focusing optic 32 may be configured to focus or otherwise condense
the plurality of substantially parallel output beams 46. The optical conduit 24 may
have a transmitting core 68 and may be disposed adjacent the focusing optic 32. The
optical conduit 24 may have a longitudinal axis 66 that is substantially parallel to a
beam axis 62 of a center beam of the laser emitter bar 22. The input surface 37 of the
optical conduit embodiment 24 may be operatively coupled to an output axis and focal
region of the focusing optic 32 such that the beams 46 of the laser emitter bar 22 are
focused or substantially focused onto the input surface embodiment 37 of the optical
conduit 24 during operation of the incorporated system 20. Some system
embodiments 20 may also include a fast axis collimator 26, a slow axis collimator 28

or both which may be operatively coupled to the beam axes 44. The fast axis
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collimator 26 may be configured to substantially collimate the output of each emitter
42 in a fast axis direction and the slow axis collimator 28 may be configured to
substantially collimate the output of each emitter in a slow axis direction.

The input surface 37 of the optical conduit 24 may include a convex rounded
configuration that may have an optical axis 84 or surface apex that is substantially
centered on the input surface 37 or aligned with a longitudinal axis 66 of the optical
conduit. The convex rounded configuration of the input surface may be substantially
symmetrical with respect to the optical axis of the input surface 84 or longitudinal axis
66 of the core of the optical conduit 24, for some embodiments. In some instances,
the optical conduit may be an optical fiber 24, such as a multimode optical fiber having
a core 68 and cladding 70 with a step index configuration, such as is shown in FIG.
7A. For some such embodiments, the rounded configuration of the input surface 37 of
the optical fiber 24 may be formed from material of the transmitting core 68 of the
optical fiber 24. In some cases, the rounded convex input surface 37 may be formed
by heating and melting the core material 68 of the optical fiber 24 and allowing the
melted core material to form into a rounded shape due to the surface tension and
cohesion of the melted core material. Such a technique may be used for optical fibers
24 having a core material of glass, silica or the like. The heat for such a melting
technique may be supplied by laser energy incident on the input surface 37 of the
optical fiber 24 which has a wavelength that is absorbed by the core material 68 of the
optical fiber 24.

For some embodiments, the rounded configuration of the input surface 37 of
the optical conduit 24 may be formed from material separate from the transmitting
core 68 and may be secured in operative arrangement to the transmitting core 68. In
some instances, the rounded configuration of the input surface 37 of the optical
conduit 24 includes a substantially spherical configuration or partially spherical
section. Rounded configurations having the shape of a substantially spherical section
may have a radius of curvature R of about 300 microns to about 900 microns for some
embodiments, other embodiments may have a radius of curvature R of about 400
microns to about 1200 microns. For some embodiments, the optical conduit 24 may
include a multimode optical fiber 24 having a core 68 with a transverse dimension or
diameter of about 50 microns to about 400 microns.

FIGS. 20 and 21 illustrate an embodiment of an optical fiber 24 similar in some

respects to the embodiment of FIGS. 18 and 19, except that a concave rounded input
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surface configuration is used instead of the rounded convex input surface of the
optical fiber 24. An optical fiber embodiment 24 as shown in FIGS. 18 and 19 may
also be incorporated into the optical system 20 as shown in FIGS. 2 and 3. The optical
system 20 with the optical fiber embodiment 24 so incorporated may include a
plurality of linearly spaced emitters 42 configured to generate a respective plurality of
substantially parallel equally spaced output beams 46. The output beams 46 are
generated by the laser emitter bar 22 and propagate along output axes 44 of the
respective emitters 42 in a symmetrical distribution about a center output axis 62 of a
center emitter. The optical system 20 also includes a focusing optic 32 operatively
coupled to the plurality of emitters 42. The focusing optic 32 is configured to focus or
otherwise condense the plurality of substantially parallel output beams 46. The optical
conduit 24 may include a transmitting core. The optical conduit 24 may also be
disposed adjacent the focusing optic 32 in the optical train of the system 20. The
optical conduit 24 includes an input surface 37 which is operatively coupled to an
output axis and focal region of the focusing optic 32. The input surface 37 includes a
concave rounded configuration that may have an optical axis 84 that is substantially
centered on the input surface 37 or aligned with a longitudinal axis 66 of the optical
conduit 24. Some system embodiments also include a fast axis collimator 26, a slow
axis collimator 28 or both which may be operatively coupled to the beam axes. The
fast axis collimator 26 may be configured to substantially collimate the output of each
emitter in a fast axis direction and the slow axis collimator 28 may be configured to
substantially collimate the output of each emitter in a slow axis direction.

For some embodiments, the concave rounded configuration of the input
surface 37 of the optical conduit 24 may be formed into the material of the transmitting
core 68 of the optical conduit 24. For some embodiments, the concave rounded
configuration of the input surface 37 of the optical conduit 24 may be formed into
material separate from the transmitting core 68 and may be secured in operative
arrangement to the transmitting core 68. In some instances, the rounded
configuration of the rounded input surface 37 of the optical conduit 24 comprises a
substantially spherical configuration or partial spherical section. Rounded
configurations having the shape of a substantially spherical section may have a radius
of curvature R of about 300 microns to about 900 microns for some embodiments.

FIGS. 22-25 illustrate embodiments of a means for homogenizing a far field

pattern 10 of an optical conduit 24 coupled to discrete emitter beams. FIGS. 22 and
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23 illustrate an optical conduit embodiment 24 having a convex substantially
cylindrical surface formed into an input surface 37 thereof that may be incorporated
into the optical system 20 of FIGS. 2 and 3. The optical system 20 as incorporated
may include a plurality of linearly spaced emitters 42 configured to generate a
respective plurality of substantially parallel equally spaced output beams 46. The
output beams 46 are generated by the laser emitter bar 22 and propagate along
output axes 44 of the respective emitters 42 in a symmetrical distribution about a
center output axis 62 of a center emitter. The optical system 20 also includes a
focusing optic 32 operatively coupled to the plurality of emitters 42. The focusing
optic 32 may be configured to focus or otherwise condense the plurality of
substantially parallel output beams 46. The optical conduit 24 includes a transmitting
core 68. The optical conduit 24 may also be disposed adjacent the focusing optic 32.
Some system embodiments 20 also include a fast axis collimator 26, a slow axis
collimator 28 or both which may be operatively coupled to the beam axes 44. The fast
axis collimator 26 may be configured to substantially collimate the output of each
emitter in a fast axis direction and the slow axis collimator 28 may be configured to
substantially collimate the output of each emitter in a slow axis direction.

The input surface 37 of the optical conduit 24 is operatively coupled to an
output axis and focal region of the focusing optic 32. The input surface 37 may be
configured with a convex cylindrical lens element 88 substantially centered on the
input surface 37. The cylindrical lens element 88 may have a radius of curvature R
which lies substantially in a plane defined by the beams 46 incident on the input
surface 37 of the optical conduit 24. This arrangement may be desirable in that the
effectiveness of the far field pattern homogenization may require proper rotational
orientation of the optical conduit 24 and input surface 37 thereof for such a cylindrical
lens element 88. For some embodiments, a longitudinal axis of an imaginary cylinder
(not shown) that fits to the surface of the cylindrical lens element 88 is perpendicular
to the plane formed by the converging beamlett axes 44 of beams 46 impinging on the
optical conduit input surface 37. In particular, if the radius of curvature R of the
cylindrical lens element does not lie substantially in the plane defined by the plurality
of converging focused beams incident on the input surface, the input surface 37 may
not be effective in homogenizing the far field pattern 10 from the optical conduit 24.
For some embodiments, the cylindrical lens element 88 of the input surface 37 may

have a radius of curvature of about 0.2 mm to about 1.5 mm.
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For some embodiments, the convex cylindrical lens element 88 of the input
surface 37 of the optical conduit 24 may be formed from material of the transmitting
core of the optical conduit 24. For some embodiments, the convex cylindrical lens
element 88 of the input surface 37 of the optical conduit 24 may be formed from
material separate from the transmitting core 68 and is secured in operative
arrangement to the transmitting core 68. In some instances, the convex cylindrical
lens element 88 of the input surface 37 of the optical conduit 24 may have a radius of
curvature R of about 300 microns to about 900 microns for some embodiments.

FIGS. 24 and 25 illustrate an optical conduit embodiment 24 similar to that of
FIGS. 22 and 23, except that the convex cylindrical lens element input surface of the
optical fiber has a concave configuration. Such an arrangement may also be
incorporated into the optical system 20 shown in FIGS. 2 and 3. The optical system 20
as incorporated with the embodiment of FIGS. 24 and 25 may include a plurality of
linearly spaced emitters 42 configured to generate a respective plurality of
substantially parallel equally spaced output beams 46. The output beams 46 are
generated and propagate along output axes 44 of the respective emitters 42 in a
symmetrical distribution about a center output axis of a center emitter. The optical
system embodiment 20 also includes a focusing optic 32 operatively coupled to the
plurality of emitters 42. The focusing optic 32 is configured to focus or otherwise
condense the plurality of substantially parallel output beams 46. The optical conduit
24 includes a transmitting core and may be disposed adjacent the focusing optic 32.
Some system embodiments 20 also include a fast axis collimator 26, a slow axis
collimator 28 or both which may be operatively coupled to the beam axes 44. The fast
axis collimator 26 may be configured to substantially collimate the output of each
emitter 42 in a fast axis direction and the slow axis collimator 28 may be configured to
substantially collimate the output of each emitter 42 in a slow axis direction.

The optical conduit 24 includes an input surface 37 which is operatively
coupled to an output axis and focal region of the focusing optic 32. The input surface
37 includes a concave cylindrical lens element 90 substantially centered on the input
surface 37 and having a radius of curvature R lying substantially in a plane defined by
the beams 46 incident on the optical conduit 24. In some instances, the concave
cylindrical lens element 90 may have a focal length of about 0.2 mm to about 1.5 mm.
For some embodiments, the concave cylindrical lens element 90 of the input surface

37 of the optical conduit 24 may be formed into the material of the transmitting core 68
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of the optical conduit 24. For some embodiments, the concave cylindrical lens
element 90 of the input surface 37 of the optical conduit 24 may be formed into
material separate from the transmitting core 68 and may be secured in operative
arrangement to the transmitting core 68. In some instances, the concave cylindrical
lens element 90 of the input surface 37 of the optical conduit 24 may have a radius of
curvature R of about 300 microns to about 900 microns for some embodiments.

Another means for homogenizing the far field pattern 10 of the output of an
optical conduit 24 fed with light having discrete input launch angles is to shift the
position of hot spots in the far field onto cooler spots or vice versa. FIG. 26 illustrates
a schematic representation of a far field beam pattern 10. Also shown in FIG. 26 are
arrows 92 which indicate a possible direction of shift of bright rings 12, 14 and 94 in
an outward orientation in order to substantially average the intensity distribution by
superimposing bright regions or rings 12, 14 or 94, or any combination thereof, in the
far field with low intensity regions or rings 17 or 18. FIG. 27 illustrates the same far
field pattern 10 but with arrows 96 indicating a shift of bright regions 14 or 94, or both,
inwardly in order to average the far field pattern distribution 10. Such shifting of the
various discrete regions of the far field pattern may be accomplished by variety of
methods. One such method includes shifting the launch angle of some beams 46 into
the input surface 37 of the optical conduit 24.

FIG. 28 illustrates a portion of an optical system 100 that may be incorporated
into the optical system 20 shown in FIGS. 2 and 3. Such an optical system 20 may
include a plurality of linearly spaced emitters 42 configured to generate a respective
plurality of substantially parallel equally spaced output beams 46 along output axes 44
of the respective emitters 42. The beams 46 may be disposed in a symmetrical
distribution about a center output axis 62 of a center emitter. The incorporated
system 20 may also include a focusing optic 32 operatively coupled to the plurality of
emitters 42 and configured to focus a plurality of substantially parallel output beams
46 from the emitters 42. Some system embodiments 20 also include a fast axis
collimator 26, a slow axis collimator 28, or both, which may be operatively coupled to
the beam axes 44. The fast axis collimator 26 may be configured to substantially
collimate the output of each emitter 42 in a fast axis direction and the slow axis
collimator 28 may be configured to substantially collimate the output of each emitter

42 in a slow axis direction.
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An optical conduit 24 may be included in the system 20 that has a transmitting
core 68 with an input surface 37 which is operatively coupled to an output axis and
focal region of the focusing optic 32. An optical shift element 102 may be disposed
generally between the plurality of emitters 42 and focusing optic 32 or any other
suitable location. The optical shift element 102 may be configured to shift the optical
axes 44 of the output beams 46 which are on one side of the center output axis 62.
For some embodiments, the optical shift element 102 may include a block having a
desired thickness and parallel input and output surfaces. The optical shift element
102 may also include a wedge. The optical shift element 102 may be made of a
refractive or transmissive optical material such as glass, silica, solid state materials or
the like. For some embodiments, the optical shift element 102 may have an input
surface 104 which is parallel or substantially parallel to an output surface 106. In
some instances, the optical shift element block embodiment 102 may have a
thickness of about 0.5 mm to about 2 mm.

As can be seen in the illustration of FIG. 28, the two upper beams 46 passing
through the optical shift element 102 are transversely shifted inwardly towards the
center beam 64. The two beams which have been laterally shifted inward remain
parallel to each other and to the other beams 46 from the laser emitter bar 22 which
have not been laterally shifted in position. The amount of transverse shift desired may
depend on the particular embodiment and far field pattern that is required. For some
embodiments, the amount of inward shift is configured to fill the angular gap between
center and center -1 emitters and the angular gap between center -1 and center -2
emitters.

Another embodiment of a means for homogenizing a far field beam pattern 10
from the output of an optical conduit 24 of an optical system 20 may include devices
and methods for beam expansion. Beam expansion devices, such as telescopes,
may be used to expand each beam 46 from the laser emitter bar 22 to contact or
overlap adjacent beams 46 prior to focusing of the beams 46 into the optical conduit
24. FIG. 29 illustrates a top view of an array of Keplerian type telescopes 110 with
each telescope element 112 thereof having a convex input lens 114 and convex
output lens 116. Each convex input lens 114 is configured to focus a respective beam
46 within the telescope body. The beam 46 is then allowed to expand after the focal
point 118 to a width that is larger than the input beam and then recollimated by the

convex output lens 116.
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The focal lengths of the convex input lens 114 and convex output lens 116 and
separation of these lenses may be configured to expand each respective beam 46 to
the lateral boundaries of the telescope structure. The telescopes 112 may also be
configured to expand each beam 46 so as to contact, nearly contact or overlap
adjacent beams 46 as shown by the beam ray trace in FIG. 29. FIG. 30 illustrates a
beam ray trace through a single telescope element 112 of a telescope array 110. The
expansion of each beam 46 may be achieved by the telescope elements 112 without
adding substantial or significant divergence or convergence of the individual beams
46. For some embodiments, the pitch 120 of the telescope elements 112 of the
telescope array 110 may be selected to match the pitch 120 of the laser emitter bar
22, or of the beam array of the beams 46 at the input side of the array of telescope
elements 110.

Some system embodiments 20 include a plurality of linearly spaced emitters 42
configured to generate a respective plurality of substantially parallel equally spaced
output beams 46. The output beams 46 may be configured to propagate along output
axes 44 of the respective emitters 42 in a symmetrical distribution about a center
output axis 62 of a center emitter. A focusing optic 32 may be operatively coupled to
the plurality of emitters 42 and configured to focus or otherwise condense the plurality
of substantially parallel output beams 46 from the emitters 42. An optical conduit 24
having a transmitting core 68 that includes an input surface 37 which is operatively
coupled to an output axis and focal region of the focusing optic 32 may also be
included in the incorporated system 20. The telescope array 110 may be disposed in
operative arrangement within an optical train of the optical system 20 between the
plurality of linearly spaced emitters 42 and the focusing optic 32. The telescope array
110 may be configured to expand each beam 46 from the laser emitter bar 22 to
contact or overlap adjacent beams 46 prior to focusing of the beams 46 into the
optical conduit 24. Some system embodiments also include a fast axis collimator 26,
a slow axis collimator 28 or both which may be operatively coupled to the beam axes
44. The fast axis collimator 26 may be configured to substantially collimate the output
of each emitter in a fast axis direction and the slow axis collimator 28 may be
configured to substantially collimate the output of each emitter 42 in a slow axis
direction.

Generally, the telescope array 110 may be positioned within the optical train of

an optical system 20, such as the optical system 20 illustrated in FIGS. 2 and 3,
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between the fast axis collimator 26 and focusing optic 32. In some instances, the
telescope array 110 may be disposed between an optional beam reformatting optic 34
and a slow axis collimator 28 of the optical system 20. In some embodiments, the
telescope array 110 may be so disposed immediately adjacent the optional beam
reformatting element or optic 34. For some embodiments, the slow axis collimator 28
may be disposed on either side of the telescope array 110. Although the telescope
array 110 shown in FIG. 29 includes an array of Keplerian type telescopes 112, other
telescopes, or beam expansion devices generally, may be used. FIG. 31 illustrates a
top view of a Galilean type telescope element 122 that may be used in the same
manner as discussed above with regard to the array of Keplerian type telescopes.
The materials, dimensions, features and arrangement for the Galilean type telescope
elements 112 may be the same as or similar to those of the Keplerian telescope
elements 122. The telescope element 122 includes a concave input lens 124 and
convex output lens 126. The beam 46 expands to the physical limits of the telescope
element 122 without going through a focal point.

With regard to the above detailed description, like reference numerals used
therein refer to like elements that may have the same or similar dimensions, materials
and configurations. While particular forms of embodiments have been illustrated and
described, it will be apparent that various modifications can be made without
departing from the spirit and scope of the embodiments of the invention. Accordingly,

it is not intended that the invention be limited by the forgoing detailed description.
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What is claimed is:

1. An optical system, comprising:

a plurality of linearly spaced emitters configured to generate a respective
plurality of substantially parallel equally spaced output beams along output
axes of the emitters in a symmetrical distribution about a center output axis of a
center emitter;

a focusing optic which includes an optical axis of symmetry, which is
configured to focus the plurality of substantially parallel output beams from the
emitters and which is transversely shifted such that the optical axis of
symmetry of the focusing optic is displaced about one eighth the pitch of the
plurality of emitters to about three eighths the pitch of the plurality of emitters
from the center output axis; and

an optical conduit positioned such that an input surface of the optical
conduit is operatively coupled to an output axis and focal region of the focusing
optic.

2. The system of claim 1 further comprising a beam reformatting optic.

3. The system of claim 2 wherein the beam reformatting optic is configured to
rotate each beam about its axis about 80 degrees to about 100 degrees.

4. The system of claim 1 wherein the plurality of linearly spaced emitters
comprises a laser emitter bar including a plurality of laser diodes disposed in a linear
array.

5. The system of claim 4 wherein the laser emitter bar comprises about 3 to
about 15 emitters.

6. The system of claim 1 wherein the focusing optic is transversely shifted
about one quarter the pitch of the plurality of emitters from the center output axis.

7. The system of claim 1 wherein the optical conduit comprises an optical fiber
including a transmitting core.

8. The system of claim 7 wherein the transmitting core of the optical fiber
comprises solid material.

9. The system of claim 8 wherein the solid material of the transmitting core

comprises glass.
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10. The system of claim 7 wherein the optical fiber comprises a multimode
optical fiber.

11. The system of claim 1 wherein the plurality of emitters all emit light at
substantially the same wavelength.

12. The system of claim 11 wherein the plurality of emitters emit light at a
wavelength between about 350 nm to about 2000 nm.

13. An optical system, comprising:

a plurality of linearly spaced emitters configured to generate a respective
plurality of substantially parallel equally spaced output beams along output
axes of the emitters in a symmetrical distribution about a center output axis of a
center emitter;

a focusing optic which is configured to focus the plurality of substantially
parallel output beams from the emitters and which includes an optical axis of
symmetry aligned with the center output axis; and

an optical conduit comprising a transmitting core which includes an
input that is operatively coupled to an output axis and focal region of the
focusing optic and which includes a longitudinal axis disposed at a tilt angle
with respect to the center output axis, the tilt angle lying substantially in a plane
defined by the beams incident on the optical conduit and having a magnitude of
about one half of the angle formed between adjacent emitter axes between the
focusing optic and the input of the optical conduit.

14. The system of claim 13 further comprising a beam reformatting optic.

15. The system of claim 14 wherein the beam reformatting optic is configured
to rotate each beam about its axis about 80 degrees to about 100 degrees.

16. The system of claim 13 wherein the angle formed between adjacent emitter
axes between the focusing optic and the input of the optical conduit is substantially
equal to the pitch between adjacent emitters divided by the focal length of the
focusing optic.

17. The system of claim 13 wherein the plurality of linearly spaced emitters
comprise a laser emitter bar including a plurality of laser diodes disposed in a linear
array.

18. The system of claim 17 wherein the laser emitter bar comprises about 3 to

about 15 emitters.
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19. The system of claim 13 wherein the optical conduit comprises an optical
fiber including a transmitting core.

20. The system of claim 19 wherein the transmitting core of the optical fiber
comprises solid material.

21.The system of claim 20 wherein the solid material of the transmitting core
comprises glass.

22. The system of claim 19 wherein the optical fiber comprises a multimode
optical fiber.

23. The system of claim 13 wherein the plurality of emitters all emit light at
substantially the same wavelength.

24. The system of claim 23 wherein the plurality of emitters emit light at a
wavelength between about 350 nm to about 2000 nm.

25. An optical system, comprising:

a plurality of linearly spaced emitters configured to generate a respective
plurality of substantially parallel equally spaced output beams along output
axes of the respective emitters in a symmetrical distribution about a center
output axis of a center emitter;

a focusing optic operatively coupled to the plurality of emitters and
configured to focus a plurality of substantially parallel output beams from the
emitters; and

an optical conduit comprising a transmitting core which includes an
input surface that is operatively coupled to an output axis and focal region of
the focusing optic and which includes a longitudinal axis disposed substantially
parallel to the center output axis of the center emitter, the input surface
comprising an input angle with respect to a plane that is orthogonal to the
longitudinal axis which lies substantially in a plane defined by the beams
incident on the optical conduit and which includes a magnitude of about

04/ 4(n-1)

wherein 9 is the angle formed between adjacent emitter beam axes of
beams between the focusing optic and the input of the optical conduit and n is
the index of refraction of the transmitting core.

26. The system of claim 25 further comprising a beam reformatting optic.
27. The system of claim 26 wherein the beam reformatting optic is configured

to rotate each beam about its axis about 80 degrees to about 100 degrees.
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28.The system of claim 25 wherein the angle formed between adjacent emitter
beam axes between the focusing optic and the input of the optical conduit is
substantially equal to the pitch between adjacent emitters divided by the focal length
of the focusing optic.

29. The system of claim 25 wherein the input angle is from about 0.8 degrees
to about 2 degrees.

30. The system of claim 25 wherein the plurality of linearly spaced emitters
comprise a laser emitter bar including a plurality of laser diodes disposed in a linear
array.

31. The system of claim 30 wherein the laser emitter bar comprises about 3 to
about 15 emitters.

32. The system of claim 25 wherein the optical conduit comprises an optical
fiber including a transmitting core.

33. The system of claim 32 wherein the transmitting core of the optical fiber
comprises solid material.

34.The system of claim 33 wherein the solid material of the transmitting core
comprises glass.

35. The system of claim 32 wherein the optical fiber comprises a multimode
optical fiber.

36. The system of claim 25 wherein the plurality of emitters all emit light at
substantially the same wavelength.

37. The system of claim 36 wherein the plurality of emitters emit light at a
wavelength between about 350 nm to about 2000 nm.

38. An optical system, comprising:

a plurality of linearly spaced emitters configured to generate a respective
plurality of substantially parallel equally spaced output beams along output
axes of the respective emitters in a symmetrical distribution about a center
output axis of a center emitter;

a focusing optic operatively coupled to the plurality of emitters and
configured to focus a plurality of substantially parallel output beams from the
emitters; and

an optical conduit comprising a transmitting core which includes an input
surface that is operatively coupled to an output axis and focal region of the

focusing optic and which includes a longitudinal axis disposed substantially
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parallel to the center output axis of the center emitter, the input surface
comprising:

two facets in a chisel-like configuration forming input angles which are
measured between each respective facet surface and a plane that is
orthogonal to the longitudinal axis, which lie substantially in a plane defined by
the beams incident on the optical conduit and which include a magnitude of
about

04/ 4(n-1)

wherein 91 is the angle formed between adjacent emitter beam axes of
beams between the focusing optic and the input of the optical conduit and n is
the index of refraction of the transmitting core.

39. The system of claim 38 further comprising a beam reformatting optic.

40. The system of claim 39 wherein the beam reformatting optic is configured
to rotate each beam about its axis about 80 degrees to about 100 degrees.

41.The system of claim 38 wherein the angle formed between adjacent emitter
axes between the focusing optic and the input of the optical conduit is substantially
equal to the pitch between adjacent emitters divided by the focal length of the
focusing optic.

42. The system of claim 38 wherein the facets comprise a convex chisel
configuration.

43. The system of claim 38 wherein the facets comprise a concave chisel
configuration.

44. The system of claim 38 wherein the input angles are from about 0.8
degrees to about 2 degrees.

45. The system of claim 38 wherein the plurality of linearly spaced emitters
comprise a laser emitter bar including a plurality of laser diodes disposed in a linear
array.

46. The system of claim 45 wherein the laser emitter bar comprises about 3 to
about 15 emitters.

47. The system of claim 38 wherein the optical conduit comprises an optical
fiber including a transmitting core.

48. The system of claim 47 wherein the transmitting core of the optical fiber

comprises solid material.
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49. The system of claim 48 wherein the solid material of the transmitting core
comprises glass.

50. The system of claim 47 wherein the optical fiber comprises a multimode
optical fiber.

51. The system of claim 38 wherein the plurality of emitters all emit light at
substantially the same wavelength.

52. The system of claim 51 wherein the plurality of emitters emit light at a
wavelength between about 350 nm to about 2000 nm.

53. An optical system, comprising:

a plurality of linearly spaced emitters configured to generate a respective
plurality of substantially parallel equally spaced output beams along output
axes of the respective emitters in a symmetrical distribution about a center
output axis of a center emitter;

a focusing optic operatively coupled to the plurality of emitters and
configured to focus a plurality of substantially parallel output beams from the
emitters; and

an optical conduit comprising a transmitting core which includes an input
surface that is operatively coupled to an output axis and focal region of the
focusing optic and which includes a longitudinal axis disposed substantially
parallel to the center output axis of the center emitter, the input surface
comprising:

four facets in a convex trocar-like configuration forming input angles
which are measured between each respective facet surface and a plane that is
orthogonal to the longitudinal axis and which include a magnitude of about

84/4(n-1)

wherein 9 is the angle formed between adjacent emitter beam axes of
beams between the focusing optic and the input of the optical conduit and n is
the index of refraction of the transmitting core.

54. The system of claim 53 further comprising a beam reformatting optic.

55. The system of claim 54 wherein the beam reformatting optic is configured
to rotate each beam about its axis about 80 degrees to about 100 degrees.

56. The system of claim 53 wherein the angle formed between adjacent emitter

axes between the focusing optic and the input of the optical conduit is substantially
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equal to the pitch between adjacent emitters divided by the focal length of the
focusing optic.

57. The system of claim 53 wherein the input angles are from about 0.8
degrees to about 2 degrees.

58. The system of claim 53 wherein the plurality of linearly spaced emitters
comprise a laser emitter bar including a plurality of laser diodes disposed in a linear
array.

59. The system of claim 58 wherein the laser emitter bar comprises about 3 to
about 15 emitters.

60. The system of claim 53 wherein the optical conduit comprises an optical
fiber including a transmitting core.

61. The system of claim 60 wherein the transmitting core of the optical fiber
comprises solid material.

62. The system of claim 61 wherein the solid material of the transmitting core
comprises glass.

63. The system of claim 60 wherein the optical fiber comprises a multimode
optical fiber.

64. The system of claim 53 wherein the plurality of emitters all emit light at
substantially the same wavelength.

65. The system of claim 64 wherein the plurality of emitters emit light at a
wavelength between about 350 nm to about 2000 nm.

66. An optical system, comprising:

a plurality of linearly spaced emitters configured to generate a respective
plurality of substantially parallel equally spaced output beams along output
axes of the respective emitters in a symmetrical distribution about a center
output axis of a center emitter;

a focusing optic operatively coupled to the plurality of emitters and
configured to focus a plurality of substantially parallel output beams from the
emitters; and

an optical conduit comprising a transmitting core that includes an input
surface which is operatively coupled to an output axis and focal region of the
focusing optic and which includes a rounded configuration substantially
centered on the input surface.

67. The system of claim 66 further comprising a beam reformatting optic.
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68. The system of claim 67 wherein the beam reformatting optic is configured
to rotate each beam about its axis about 80 degrees to about 100 degrees.

69. The system of claim 66 wherein the rounded configuration of the input
surface of the optical conduit comprises a convex configuration.

70. The system of claim 66 wherein the rounded configuration of the input
surface of the optical conduit comprises a concave configuration.

71. The system of claim 66 wherein the rounded configuration of the input
surface of the optical conduit comprises a substantially spherical configuration.

72.The system of claim 71 wherein a radius of curvature of the spherical
configuration of the input surface of the optical conduit is about 400 microns to about
1200 microns.

73. The system of claim 66 wherein the rounded configuration of the input
surface of the optical conduit is formed from material of the transmitting core.

74. The system of claim 66 wherein the rounded configuration of the input
surface of the optical conduit is formed from material separate from the transmitting
core and is secured in operative arrangement to the transmitting core.

75. The system of claim 66 wherein the plurality of linearly spaced emitters
comprise a laser emitter bar including a plurality of laser diodes disposed in a linear
array.

76. The system of claim 75 wherein the laser emitter bar comprises about 3 to
about 15 emitters.

77. The system of claim 66 wherein the optical conduit comprises an optical
fiber including a transmitting core.

78.The system of claim 77 wherein the transmitting core of the optical fiber
comprises solid material.

79.The system of claim 78 wherein the solid material of the transmitting core
comprises glass.

80. The system of claim 77 wherein the optical fiber comprises a multimode
optical fiber.

81. The system of claim 66 wherein the plurality of emitters all emit light at
substantially the same wavelength.

82. The system of claim 81 wherein the plurality of emitters emit light at a

wavelength between about 350 nm to about 2000 nm.
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83. An optical system, comprising:

a plurality of linearly spaced emitters configured to generate a respective
plurality of substantially parallel equally spaced output beams along output
axes of the respective emitters in a symmetrical distribution about a center
output axis of a center emitter;

a focusing optic operatively coupled to the plurality of emitters and
configured to focus a plurality of substantially parallel output beams from the
emitters; and

an optical conduit comprising a transmitting core that includes an input
surface which is operatively coupled to an output axis and focal region of the
focusing optic and which includes a cylindrical lens element substantially
centered on the input surface and having a radius of curvature lying
substantially in a plane defined by the beams incident on the optical conduit.
84. The system of claim 83 further comprising a beam reformatting optic.

85. The system of claim 84 wherein the beam reformatting optic is configured
to rotate each beam about its axis about 80 degrees to about 100 degrees.

86. The system of claim 83 wherein the cylindrical lens elements comprises a
convex configuration.

87. The system of claim 83 wherein the cylindrical lens elements comprises a
concave configuration.

88. The system of claim 83 wherein a radius of curvature of the cylindrical lens
element is about 200 microns to about 1500 microns.

89. The system of claim 83 wherein the cylindrical lens element is formed from
material of the transmitting core.

90. The system of claim 83 wherein the cylindrical lens element is formed from
material separate from the transmitting core and is secured in operative arrangement
to the transmitting core.

91. The system of claim 83 wherein the plurality of linearly spaced emitters
comprise a laser emitter bar including a plurality of laser diodes disposed in a linear
array.

92. The system of claim 91 wherein the laser emitter bar comprises about 3 to
about 15 emitters.

93. The system of claim 83 wherein the optical conduit comprises an optical

fiber including a transmitting core.
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94. The system of claim 93 wherein the transmitting core of the optical fiber
comprises solid material.

95.The system of claim 94 wherein the solid material of the transmitting core
comprises glass.

96. The system of claim 93 wherein the optical fiber comprises a multimode
optical fiber.

97. The system of claim 83 wherein the plurality of emitters all emit light at
substantially the same wavelength.

98. The system of claim 97 wherein the plurality of emitters emit light at a
wavelength between about 350 nm to about 2000 nm.

99. An optical system, comprising:

a plurality of linearly spaced emitters configured to generate a respective
plurality of substantially parallel equally spaced output beams along output
axes of the respective emitters in a symmetrical distribution about a center
output axis of a center emitter;

a focusing optic operatively coupled to the plurality of emitters and
configured to focus a plurality of substantially parallel output beams from the
emitters;

an optical conduit comprising a transmitting core that includes an input
surface which is operatively coupled to an output axis and focal region of the
focusing optic; and

an optical shift element disposed generally between the plurality of
emitters and focusing optic and configured to shift the optical axes of the output
beams which are on one side of the center output axis.

100. The system of claim 99 further comprising a beam reformatting optic.

101. The system of claim 100 wherein the beam reformatting optic is
configured to rotate each beam about its axis about 80 degrees to about 100 degrees.

102. The system of claim 99 wherein the optical shift element comprises a
block of transmissive material.

103. The system of claim 99 wherein the optical shift element comprises a
wedge of transmissive material.

104. The system of claim 99 wherein the plurality of linearly spaced emitters
comprise a laser emitter bar including a plurality of laser diodes disposed in a linear

array.
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105. The system of claim 104 wherein the laser emitter bar comprises about 3
to about 15 emitters.

106. The system of claim 99 wherein the optical conduit comprises an optical
fiber including a transmitting core.

107. The system of claim 106 wherein the transmitting core of the optical fiber
comprises solid material.

108. The system of claim 107 wherein the solid material of the transmitting
core comprises glass.

109. The system of claim 106 wherein the optical fiber comprises a multimode
optical fiber.

110. The system of claim 99 wherein the plurality of emitters all emit light at
substantially the same wavelength.

111. The system of claim 110 wherein the plurality of emitters emit light at a
wavelength between about 350 nm to about 2000 nm.

112. An optical system, comprising:

a plurality of linearly spaced emitters configured to generate a respective
plurality of substantially parallel equally spaced output beams along output
axes of the respective emitters in a symmetrical distribution about a center
output axis of a center emitter;

a focusing optic operatively coupled to the plurality of emitters and
configured to focus a plurality of substantially parallel output beams from the
emitters;

an optical conduit comprising a transmitting core that includes an input
surface which is operatively coupled to an output axis and focal region of the
focusing optic; and

a telescope array which is disposed in operative arrangement within an
optical train of the optical system between the plurality of linearly spaced
emitters and the focusing optic and which is configured to expand each beam
from the laser emitter bar to contact or overlap adjacent beams prior to
focusing of the beams into the optical conduit.

113. The system of claim 112 further comprising a beam reformatting optic.
114. The system of claim 113 wherein the beam reformatting optic is

configured to rotate each beam about its axis about 80 degrees to about 100 degrees.
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115. The system of claim 112 wherein the telescope array comprises an array
of Keplerian telescopes having a pitch substantially the same as the plurality of
linearly spaced emitters.

116. The system of claim 112 wherein the telescope array comprises an array
of Galilean telescopes having a pitch substantially the same as the plurality of linearly
spaced emitters.

117. The system of claim 112 wherein the plurality of linearly spaced emitters
comprise a laser emitter bar including a plurality of laser diodes disposed in a linear
array.

118. The system of claim 117 wherein the laser emitter bar comprises about 3
to about 15 emitters.

119. The system of claim 112 wherein the optical conduit comprises an optical
fiber including a transmitting core.

120. The system of claim 119 wherein the transmitting core of the optical fiber
comprises solid material.

121. The system of claim 120 wherein the solid material of the transmitting
core comprises glass.

122. The system of claim 119 wherein the optical fiber comprises a multimode
optical fiber.

123. The system of claim 112 wherein the plurality of emitters all emit light at
substantially the same wavelength.

124. The system of claim 123 wherein the plurality of emitters emit light at a
wavelength between about 350 nm to about 2000 nm.
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