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OPTICAL COUPLING ASSEMBLY

Related Applications

{0001} This patent application claims priority to both U S, Provisional Patent Application
62/303,933, filed on March 4, 2016 and entitled “OPTICAL COUPLING ASSEMBLY,” and
U.S. Provisional Patent Application 62/419,752, filed on November 9, 2016 and entitled
“OPTICAL COUPLING ASSEMBLY,” the entire contents of which are incorporated by

reference in their entirety.

Technical Field

{0002} The present disclosure relates generally to optical assemblies and, more
particularly, to an optical coupling element and assembly for use in interconnecting optical

CoOmponents.

Background

{00063} Optical modules are commonly configured to transmit multi-mode signals for use
in short reach applications such as with servers, data storage, and data management. Optical
modules may also be configured to transmit single mode fiber signals for use in medium
reach applications such as with remote antennas and data centers. Optical modules typically
include a plurality of discrete components such as carrier structures, fiber holders, focusing
optics, and turning mirrors or prisms. Optical components are often made from optically
transparent matenials like glass and polymers. The number of discrete components along each
optical path may reduce performance as each optical interface increases the likelihood of
reflections and misalignment. In addition, each component may require its own alignment
step, resulting in a plurality of time consuming alignment steps during assembly and an
increase in tolerance stackup.

{0004 In addition, a significant issue when using optical components made of polymer is
the performance of the optical system over temperature. For example, optic components
made from polymers have fundamental properties inherent to the material, such as, changes
in refractive index with temperature (dn/d7T) and coefficients of thermal expansion (CTE),
that are typically ten times larger than glass or electronic substrates and glass filied polymers
to which they are attached. These fundamental properties imit or complicate the use of

polymer optical components in many optical applications.
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{6005] In some applications, the large dn/dT and CTE properties may generate a change
in focused light position that results in a degradation of performance of the optical connection
over temperature. This degradation of performance limits and sometimes prevents the use of
polymer optic components in many fiber optic applications. In some instances, single mode
fiber based applications may be especially susceptible to degradation of performance due to
the effects of changes in temperature.

{0006} Based upon the complexity of the assembly process of optical systems and the
potential for diminished or reduced performance, systems having reduced complexity and
improved manutacturability are desirable.

16007} The foregoing background discussion is intended solely to aid the reader. It is not
intended to limit the inovations described herein, nor to limit or expand the prior art
discussed. Thus, the foregoing discussion should not be taken to indicate that any particular
element of a prior system is unsuitable for use with the innovations described herein, noris it
intended to indicate that any element is essential in implementing the innovations described
herein. The implementations and application of the innovations described herein are defined
by the appended claims.

Summary

{0008] In one aspect, an optical systero includes a base having a fiber retention and
alignment section and an optical coupling section. The fiber retention and alignment section
has a plurality of alignment members and each alignment member is configured to receive an
optical fiber therein. The optical coupling section has an optical coupling block and includes
a plurality of optical coupling elements. Each optical coupling element has an ellipsoidal
reflecting surface defining a first focal point and a second focal point. A first focal surface is
generally aligned with the first focal point and a second focal surface 1s generally aligned
with the second focal point with the first focal surface and the second focal surface spaced
apart and at an angle to each other. An optical path extends through each optical coupling
element from the first focal point to the reflecting surface and to the second focal point and
each alignment member s aligned with the first focal point of one of the optical coupling
elements. An optical fiber is positioned within one of the alignment members and adjacent
one of the first focal surfaces and an optical component is optically aligned with each optical
fiber and positioned adjacent one of the second focal surfaces.

{0009] In another aspect, an optical assembly includes a one-piece, unitarily formed base
having a fiber retention and alignment section and an optical coupling section. The fiber

retention and alignment section has a plurality of alignment members, each being configured
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to receive an optical fiber therein. The optical coupling section has an optical coupling block
and includes a plurality of optical coupling elements. Each optical coupling element has an
ellipsoidal reflecting surface defining a first focal point and a second focal point. A first
focal surface 1s generally aligned with the first focal point and a second focal surface is
generally aligned with the second focal point with the first focal surface and the second focal
surface being spaced apart and at an angle to each other. An optical path extends through
each optical coupling element from the first tocal point to the reflecting surface and to the
second focal point and each alignment member is aligned with the first focal point of one of

the optical coupling elements.

Brief Description of the Drawings

{0010} Fig. 1 is a perspective view of an optical system;

{0011} Fig. 2 is an exploded perspective view of the optical system of Fig. 1;

{0012} Fig. 3 is a sectional view taken generally along line 3-3 of Fig. 1;

{0013} Fig. 4 1s a side view of Fig. 3;

10014} Fig. 5 1s a sectional view similar to Fig. 3 but only depicting the base and taken
from a different perspective;

{0015} Fig. 6 1s a schematic ilustration of an optical coupling roember within the optical
system of Fig. 1;

{0016} Fig. 7 15 a schematic illustration of an optical coupling element of the optical
coupling member of Fig. 6;

{00617} Fig. B is a perspective view of another optical coupling element according to the
disclosure;

{06018} Fig. 9 1s a perspective view similar to Fig. 8 but taken from a different
perspective;

10019} Fig. 10 1s a sectional view of the optical coupling element of Fig. § taken
generally along line 10-10;

{6020} Fig. 11 1s a perspective view of an alternate embodiment of an optical coupling
element with optical fibers coupled to the optical faces;

10021} Fig. 12 is a perspective view of another alternate embodiment of an optical
coupling element with an transnutter and a receiver coupled to the optical faces; and
{0022} Fig. 13 1s a schematic ilustration of an alternate embodiment of an optical

coupling element.
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Dietailed Descripfion

{6023} Referring to Figs. 1-2, an optical system 10 includes an optical assembly 11 such
as a transceiver optically coupled or interconnected to a plurality of first optical components
in the form of glass, silica, or plastic optical fibers 100 (Fig. 2) of a cable 101 and a plurality
of second optical components in the form of opto-electronic components 110, The cable 101
may include any number and any type of optical fibers 100, For example, as depicted, the
cable 101 is generally round and includes a plurality of optical fibers 100 in the form of a
ribbon that extends from the sheathing 102 of the cable. Materials (not shown) that surround
the optical fibers 100 such as buffer 103 may be removed from end portions 104 to assist in
precisely positioning the optical fibers within the optical assembly 11. In an alternate
embodiment that is not depicted, the cable 107 roay include a plurality of loose optical fibers
100. The optical fibers 100 may have any configuration or be any type such as single-mode
or multi-mode.

10024} The first and second optical components may have any configuration or be any
type of component such as active components {(e.g., opto-electronic) and/or passive
components (e g., optical fibers). The configuration of the optical components may be based
upon the direction in which the light is to be transmitted within the structure of the assembly.
In one embodiment, a first optical component may be any optical source such as a semi-
conductor emitter or transmitter or an optical fiber 100 through which an optical signal is
transmitted. In such embodiment, the second optical component may be any optical target
such as a semi-conductor detector or receiver or an optical fiber 100 into which an optical
signal 1s directed. As depicted, the first optical component s an optical fiber 100 and the
second optical component is an opto-electronic receiver. For an embodiment in which it is
desired for light to travel in an opposite direction, an opto-electronic transmitter may be
substituted for the opto-electronic recetver.

0025} The optical assembly 11 includes a base 15, a fiber retention cover 16, a reflector
cover 17, and a plurality of the optical components such as optical fibers 100 and opto-
electronic components 110, The base 15 includes a fiber retention and alignment section 20,
an optical coupling section 30 extending from the fiber retention and alignment section to a
first or opto-electronic edge 18 of the base, and a fiber support section 90 extending from the
fiber retention and alignment section to a second or fiber edge 19 of the base, opposite the
first edge.

{0026} The fiber retention and alignment section 20 is operative to accurately position

and secure the plurality of optical fibers 100 to the optical assembly 11 at the desired spacing.
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The fiber retention and alignment section 20 includes a recess 21 that extends between spaced
apart lateral sidewalls 22. A lower surface 23 of the recess 21 may include a plurality of
parallel alignment members such as V-grooves 24 that extend along a length of the upper
surface 1n a front to rear direction. The V-grooves 24 may be dimensioned to receive and
accurately position therein the stripped free end portions 104 of the plurality of optical fibers
100. In other words, the buffer 103 and any other materials that surround the optical fibers
100 have been removed from the portions of the optical fibers that are secured withio the V-
grooves 24 It is not necessary for the V-grooves 24 to extend the entire length of the fiber
retention and alignment section 20. The optical fibers 100 may be secured within the V-
grooves 24 in any desired manner such as with an adhesive (e g, epoxy). The alignment
members may have other configurations besides V-shaped grooves including stepped-
grooves or through holes.

{0027} The optical coupling section 30 includes an optical coupling block or member 31
therein with a plurality of laterally spaced apart optical coupling elements 40. The optical
coupling block 31 includes a first optical face 32 (Fig. 4) located adjacent the fiber retention
and alignment section 20 and a second optical face 33 located at an angle to the first optical
face 32. Although each coupling element 40 is aligned with one of the V-grooves 24 and one
of the optical components, the optical coupling block 31 is depicted schematically in Fig. 6
separate from the optical coupling section 30 and coupled to only one optical fiber 100 and
one opto-¢electronic component 110 for clarity in Fig. 7. Each coupling element 40 directs
optical signals in the form of light in either direction between an optical fiber 100 positioned
in a V-groove 24 and the opto-electronic component 110 as described in further detail below.
{0028} Referring to Figs. 7-10, an example of a coupling element 40 is depicted.
Coupling element 40 includes a first focal surface 50 along the first optical face 32 of the
coupling member 31 and a second focal surface 55 along the second optical face 33 of the
coupling member. The first focal surface 50 is spaced from and at an angle to the second
focal surface S5, The angle between the first focal surface 50 and the second focal surface 55
may be any desired angle provided that the other characteristics of the optical element 40 as
described below are met. In some applications, the angle between the first tocal surface 50
and the second focal surface 55 may be between approximately 70 and 110 degrees. 1n other
applications, the angle may be approximately 90 degrees.

{0029} A reflecting surface 41 1s spaced from and opposes each of the first focal surface
50 and the second focal surface 55. Reflecting surface 41 may have an ellipsoidal shape or

surface to create or define a pair of optical foci or focal points 51, 56. An ellipse defining a
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portion of the reflecting surface 41 is depicted in dashed line 58 for clarity. First focal point
51 may fall on or be aligned with first focal surface 50 and second focal point 56 may fall on
or be aligned with the second focal surface 35, By aligning the first focal point 51 in three
dimensions (x, y, and z} with a first optical component (depicted as an optical fiber 100) and
second focal point 56 in three dimensions with a second optical component (depicted as an
opto-electronic component 110), losses within the optical coupling between the first optical
component and the second optical component may be minimized.

10030} It should be noted that in some instances, it may be desirable to only generally
align the focal surfaces with the respective foci. For example, this may occur when it 1s
desirable for the beam of light being transmitted to be focused at a specified diameter rather
than a specified point or in instances in which exact alignment 15 not required for system
performance. In such case, the light enters and exits coupling element 40 at a focal location
along a plane rather than at a point. For clarity, as used herein, such a larger focal location
shall be still considered a focal point.

{06031} As depicted in Fig. 7, the major axis 59 of ellipse 58 (i.¢., a line through the foci)
is at an angle to both the first focal surface 50 and the second focal surface 55. The angle of
the major axis 59 relative to the focal surfaces coincides with the angle of the reflecting
surface relative to the focal surfaces.

{6032} First focal surtace 50 1s configured as a source location aligned with first optical
component and second focal surface 55 15 configured as a target location aligned with the
second optical component. As such, optical signals in the form of a beam of light may enter
the first focal surface 50 at an angle generally perpendicular to the first focal surface, reflect
off the reflecting surface 41, and exit from the second focal surface 55 at an angle generally
perpendicular to the second focal surface. It should be noted that the direction of light
transmission and/or the first optical component and the second optical component may be
reversed with the coupling element 40 operating with equal effectiveness.

{0033} In other words, the coupling element 40 operates in an equally effective manner
regardless of whether light is being transmitted from the first focal surface 50 to the second
focal surface 55 or if light is being transmitted from the second focal surface to the first focal
surface. As an example, the first optical component is depicted in Fig. 7 as an optical fiber
100 and second optical component as an opto-electronic component 110, Tn Fig. 11, both the
first optical component and the second optical component are depicted as optical fibers 100.
In Fig. 12, both the first optical component and the second optical component are depicted as

opto-electronic components 110,
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16034} By positioning optical element 40 so that the reflecting surface 41 is in contact
with air, the difference in the indices of refraction between the optical element and air causes
light to reflect efficiently off the reflecting surface. That is, provided that the light engages
the reflecting surface at an angle greater than the critical angle, the ellipsoidal shaped

that enters the optical element 40 at the first focal point 51 and focuses the light at the second
focal point 56, As a result, light entering the optical element 40 from the first optical
component will efficiently reflect off reflecting surface 41 and direct the light into second
optical component.

{0035} As depicted in Figs. 7-12, an optical signal transmitted through coupling element
40 may be depicted as a beam or a bundle of rays 70. A first component of the beam is
depicted at 71 entering optical element 40 at a first angle generally perpendicular to first focal
surface 50 at a source location corresponding to the first focal point 51 and reflects off of
reflecting surface 41 at location 42 at a first reflecting angle 72 so that the light is refiected to
second focal point 56, In addition, a second component of the beam that represents one outer
vertical boundary of the beam is depicted at 73 entering optical element 40 at a second entry
angle 74 relative to surface 50 at a source location corresponding to the first focal point 51
and reflects off of reflecting surface 41 at location 43 at a second reflecting angle 75 so that
the light is reflected to second focal point 56. Still further, a third component of the beam
that represents an opposite outer vertical boundary of the beam is depicted at 76 entering
optical element 40 at a third entry angle 77 relative to surface 50 at a source location
corresponding to the first focal point 51 and reflects off of reflecting surface 41 at location 44
at a third reflecting angle 78 so that the light s reflected to second focal point 56. Thus, as
the light from first optical component expands as it enters optical element 40, all of the light
will be reflected to the second focal point 56.

{0036} Referring to Figs. 8-9 and 11-12, it will be understood that the beam of hight 70
will expand in three dimensions to form a relative conical shape and the ellipsoidal shape of
the reflecting surface will reflect the light to the second focal point 56. For example, light
enters the coupling element 40 at first focal surface 50 as a relatively small collimated beam
of light 79. The beam expands in three dimensions as it travels through coupling element 40
until it reaches reflecting surface 41. The beam of light will contact the reflecting surface 41
in a generally elliptical shape as depicted at 80 (Fig. 8) and reflect off the reflecting surface.
{6037} The beam of light will taper or focus as depicted at 81 until it reaches the second

focal point 56. In a manner similar to the outer vertical boundaries of the beam that are
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depicted at 73 and 76 (as depicted in Fig. 7}, the lateral or horizontal expansion of the beam
of light will also be redirected by the ellipsoidal reflecting surface 41 to the second focal
point 56. One lateral outer boundary of the beam of light 70 as it expands is depicted in Figs.
8-9 at 82 and a lateral outer boundary as the beam of light contracts or is focused 15 depicted
at &3.

{6038} Aldthough depicted with a symmetrical reflecting surface 41 along both x and vy
axes in Figs. 8-12, in some instances, the ellipsoidal shape of the reflecting surface may not
be symmetrical. Since the reflecting surface 41, as depicted, is symmetrical along both the x
and y axes, the retlecting surface will have identical optical powers. In such case, a reflected
beam will be optically modified (g.g., expand) at equal rates and in a consistent manner. In
other words, the focal points for the reflector along the z-axis will be the same along both the
x and y axes.

10039} However, if the reflecting surface 41 is formed so as to be asymmetrical with
respect to the x and y axes (but symmeitrical about each of the x and y axes), the reflecting
surface will have different optical powers along the x and v axes. As a result, a reflected
beam will have different focal points relative to the z axis. In some instances, this may be
useful such as to modify the optical beam to compensate for a source that generates an
asymmetrical optical signal. For example, if the optical assembly 11 includes an optical
element 40 for optically connecting a laser that generates a 2 x 5 um mode to a single mode
optical fiber 100 with a core of 10 pm, the reflecting surface 41 may be configured to retlect
with an optical power of 5 along one axis and 2 along the other axis to modify the mode to
achieve a uniform input to the optical fiber core.

10040} Sull further, in some tnstances, the reflecting surface may be asymmetrical with
respect to the x and v axes and also asymmetrical about each of the x and y axes. For
example, the portion of the reflecting surface 41 on each side of the x and/or v axes may still
be ellipsoidal but have different optical powers. Such asymmetry may allow further
modification of an input mode as desired.  As used herein, such asymmetrical reflecting
surface may still be considered ellipsoidal.

{0041} Under ideal operating conditions, reflecting surface 41 operates as a total internal
reflecting mirror due to the shape of the surface and the difference in the indices of refraction
between the optical coupling element 40 {optical grade polymer) and the atmosphere (air)
surrounding the reflecting surface. However, if a contaminant or forgign material {e.g.,
water, dirt, dust, adhesive} 1s in contact with the outer surface 45 of the reflecting surface 41,

such undesired material may change the difference in the indices of refraction between the
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optical coupling element 40 and the air at the location of the contaminant and thus change the
optical characteristics of the reflecting surface at the contaminant.

{0042} In order to reduce the risk of such a change in the reflecting characteristics of the
reflecting surface 41, and a corresponding change in the performance of optical coupling
element 40, it may be desirable to add or apply a reflective coating or plating 67 (Fig. 13} to
the outer surface 45 of the optical coupling element 40 along the reflecting surface 41. The
coating 67 provides additional reflectivity in case any contarninants or foreign materials come
into contact with or become affixed to the outer surface of the reflecting surface. The
reflective coating 67 may be any highly reflective material such as gold, silver, or any other
desired material. Coating 67 may be applied to the outer surface 45 in any desired manner.
Although depicted with the coating 67 extending along the entire reflecting surface 41, the
coating may be selectively applied so that it is only applied in the portion of the reflecting
surface at which most of the beam of light will reflect.

{0043} Referring back to Figs. 1-5, a support member or frame 60 generally extends
around and supports a portion of the optical coupling block 31 and includes a first lateral or
transverse rail 61 that extends generally perpendicularly to the longitudinal axis 35 of base 15
(and parallel to the V-grooves 24 and the axes of optical fibers 100} and along first edge 18 of
base 15. A second lateral or transverse rail 62 is generally parallel to the first lateral rail 61
and is positioned adjacent the fiber retention and alignment section 20. A pair of spaced
apart tongitudinal rails 63 are generally parallel to the longitudinal axis 35 of base 15 and
interconnect the first lateral rail 61 with the second lateral rail 62 along opposite sides of the
base. The first lateral rail 61, the second lateral rail 62, and the longitudinal rails 63 define a
generally planar surface 64. A recess 65 extends through the generally planar surface 64 and
a portion of the recess defines the reflecting surface 41 of the optical coupling elements 40.
{0044} Fiber support section 90 is operative to support and secure portions 105 of the
optical fibers 100 between the fiber retention and alignment section 20 and the cable
sheathing 102. The fiber support section 90 tncludes a recess 91 that extends between spaced
apart lateral sidewalls 92. The lower surface 93 of the recess 91 may be lower than the lower
surface 23 of recess 21 to accommodate the greater thickness of the optical fibers 100
together with buffer 103, If the optical fibers 100 and cable 101 are configured in a different
manner, the recess 91 may be similarly re-configured.

10045} Optical coupling block 31 may be formed as a one-piece, unitarily formed
member or component of an optical grade polymer or resin that is capable of being injection

molded, formed as part of an additive process (e.g., 3-D printed) or otherwise formed, such as
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polycarbonate, polyetherimide, cyclic olefin, or polysulfone. In other embodiments, the
optical coupling block 31 may be formed of any material through which light or signals at the
relevant wavelengths may be transmitted (i e., are transparent). In other words, in some
applications, it may be possible to form optical coupling block 31 of glass, silicon or other
materials depending on the desired wavelengths to be transmitted and available
manufacturing processes.

{0046} In one embodiment, the entire base 15 may be formed as a ovne-piece, unitarily
formed member or component including each of the fiber retention and alignment section 20,
the optical coupling section 30, and the support section 90. In another embodiment, the fiber
retention and alignment section 20 and the optical coupling section 30 may be formed as a
one-piece, unitarily formed member or component. In other embodiments, any or all of the
individual sections may be formed separately and, in some instances, may also be formed of
other materials, if desired. Forming elements (such as the optical coupling block 31} or
sections (such as retention and alignment section 20 and the optical coupling section 30)as a
one-piece, unitarily formed member or component may simplify the assembly process by
maintaining desired alignment and tolerances without the need to assemble the elements or
sections. The base 15, and the sections and components thereof, may be formed of any
destred roaterial.

{6047} Fiber retention cover 16 is generally rectangular and 1s dimensioned to be at least
partially recetved within recess 21 of the fiber retention and alignment section 20 between the
sidewalls 22 and above the V-grooves 24. The fiber retention cover 16 may be secured in
any desired manner. In one example, an adhesive such as epoxy 15 used to both secure the
optical fibers 100 within the V-grooves 24 and also secure the fiber retention cover 16 within
the recess 21. When the fiber retention cover 16 is inserted into the recess 21, the lower
surface 95 (Fig. 4} of the cover engages the top surface of the optical fibers 100 to assist in
securing the optical fibers within the base 15.

{00438} The fiber retention cover 16 may be formed of any desired material. In one
example, the fiber retention cover 16 may be formed of a relatively rigid material such as
glass or ceramic. In another example, the fiber retention cover 16 ruay be forrmed of a
polymer or resin. In some embodiments, the fiber retention cover 16 may be formed of a
material that 1s transparent to ultraviolet light so that an uliraviolet curable epoxy may be
used to secure the optical fibers 100 and the cover.

{0049} Reflector cover 17 is generally rectangular and 1s dimensioned to be at least

partially positioned over the optical coupling block 31, As depicted in Figs. 1 and 4, the

10
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reflector cover 17 is positioned on and secured to the surface 64 of support member 60
associated with the optical coupling block 31, In doing so, an adhesive such as epoxy may be
applied around the entire surface 64 1o secure the reflector cover 17 to the support member 60
and thus secure the cover in place. In another example, the adhesive may be applied only
along the longitudinal rails 63. In other words, the reflector cover may only be secured along
the side edges of the support member 60.

{00506} The reflector cover 17 may be operative to himit the thermal expansion of the
optical coupling block 31. The polymer optical coupling section 30, and thus the optical
coupling block 31, may expand and contract relatively significantly with changes in
temperature. As discussed above, the design of each optical coupling element 40 will
compensate along the optical paths for changes due to thermal expansion. However, lateral
or transverse expansion and contraction of the optical coupling block 31 (i.e., perpendicular
to the longitudinal axis 35 of base 15) will not affect each optical coupling element 40
uniformly.

{0051} More specifically, the optical coupling elements 40 near the centerline of the
optical coupling block 31 may experience very little transverse movement relative to a
centerline of the coupling block while the optical coupling elements near the outer edges of
the coupling block may experience substantially more transverse expansion or movement. In
instances in which some of the components of the optical system 10 expand differently as
compared to other components (e.g., the optical coupling block 31 as compared to the opto-
electronic components 110 or a substrate (not shown) upon which the optical components are
mounted), the reflector cover 17 may assist in maintaining the desired lateral positioning
between components.

{0052} The reflector cover 17 may be formed of any relatively rigid material having a
coefficient of thermal expansion less than that of the base 15, In one example, the reflector
cover 17 may be formed of a relatively rigid material such as glass or ceramic. In some
embodiments, the reflector cover 17 may be formed of a material that is transparent to
ultraviolet light so that an ultraviolet curable epoxy may be used to secure the cover to the
base 15. If desired, one or more additional or alternate expansion restricting components
formed of a material having a coeflicient of thermal expansion less than that of the base 15
may be secured to the base (such as along the first edge 18) to restrict thermal expansion of
the base.

{0053} In some embodiments (e.g., optical coupling blocks 31 having eight or fewer

optical coupling elements 40), the transverse expansion may not be significant enough to
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necessitate the use of a reflector cover 17. In other embodiments, a reflector cover 17 may be
desirable to limit the thermal expansion of optical coupling section 30 and thus the expansion
and contraction of the optical coupling block 31 regardless of the number of optical coupling
elements.

10054} Regardless of the number of optical coupling elements 40 in some instances, a
reflector cover 17 may be used to seal the area surrounding the recess 65 within the support
member 60 that defines the reflecting surfaces 41 of the optical coupling elements. In such
case, reflector cover 17 is operative to reduce the likelihood that any contaminants will
contact the reflecting surface 31 and thus may eliminate the need for reflective coating 67.
{0055] Although depicted as two separate components, in some embodiments, the fiber
retention cover 16 and the reflector cover 17 may be combined as a single component.
Further, in tnstances in which reflector cover 17 is configured to limit lateral or transverse
thermal expansion of optical coupling block 31, it may also be desirable to configure fiber
retention cover 16 to limit lateral or transverse thermal expansion of the recess 21 of fiber
retention and alignment section 20.

{0056} To optically interconnect a plurality of first optical components such as optical
fibers 100 to a plurality of second optical components such as opto-electronic components
116 through optical assembly 11, the optical fibers are prepared by siripping or removing the
buffer 103 and any other material surrounding the fibers from a predetermined length of each
optical fiber. The optical fibers 100 may be cut or cleaved to the desired tength in any
manner to create free ends 106

{00571 An adhesive such as an optical index matched ultra-violet curable epoxy may be
applied to the V-grooves 24. The optical fibers 100 are aligned with and inserted 1nto the V-
grooves 24 then slid towards the first optical face 32 so that the tree ends 106 of the optical
fibers 100 are positioned a desired distance from the first optical face to define a first gap
115, Additional adhesive may be applied within recess 21 such as on top of the optical fibers
100 and/or along the lower surface 95 of fiber retention cover 16 and the cover positioned
over the V-grooves 24. The adhesive is then cured to secure the fiber retention cover 16 and
the optical tibers 100 to the base 15,

10058} To optically interconnect the second optical components such as opto-electronic
components 110, the second optical components are aligned along and secured to the second
optical face 33. More specifically, each of the second optical components is aligned with a
second focal point 56 and then secured with an adhesive such as an epoxy. The second

optical components may be actively or passtvely aligned at each second focal point 56. To
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actively align the second optical components, a source is provided and output measured
through each pair of first and second optical components as 1s known in the art and the
second optical component is then fixed at the location providing the highest, or a sufficiently
high, output. Active alignment may be desirable when used with components that require a
relatively high degree of precision of alignment (i.e., have small alignment tolerances) such
as single-mode opto-electronic components and fibers.

{0059} Passive alignment of the second optical components may be accomplished in any
desired manner. In one example, a plurality of pockets 34 (Fig. 13) may be formed within the
second optical face 33 so that the second focal points 56 are recessed from the second optical
face. By controliing the tolerances of the pockets 34, alignment within a desired level of
precision may be achieved. Passive alignment may be desirable when used with components
that require a lesser degree of precision of alignment (i.e., have relatively large alignment
tolerances) such as multi-mode opto-electronic components and fibers or detectors that have a
relatively large detection zone.

{0060} Other methods of component alignment may be used. In another example, it may
be possible to utilize a combination of alignment methods such as by using active alignment
for one or more components and passive alignment of other components based upon the
position of the actively aligned component(s). In still another example, the optical
components may be mounted on a substrate (not shown) and only one or two of the optical
components actively aligned.

10061} If a reflector cover 17 is being used, an adhesive such as epoxy may be applied to
either or both of the base 15 and the reflector cover and the reflector cover positioned on the
base at the support member 60. The adhesive is then cured to secure the reflector cover 17 to
the base 15. The reflector cover 17 may be secured to the base 15 at any time, such a prior to
or after securing the optical fibers 100 to the base.

10062} The use of the pockets 34 in which opto-electronic components 110 are positioned
may also permit the optical components such as photo diodes and lasers to be sealed within
the pockets. In the alternative, a larger recess or cavity, or another component, may be used
to receive all of the opto-electronic components and all of the components sealed together.
{0063} During assembly of the optical system 10, an index-matched medium 68 may be
used to fill the first gap 115 (Figs. 4, 7) between each first optical component such as optical
fibers 100 and the first focal surface SO of its coupling element 40 and a second gap 110
between each second optical component such as the opto-electronic components 110 and the

second focal surface 55 of the optical element. It should be noted that Figs. 4, 7 are not to
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scale for purposes of illustration. The gaps 115, 116 may be any desired distance. In one
example, the gaps 115, 116 may be between 25 and 50 microns. In another example, the
gaps 115, 116 may be between approximately 30 and 150 um. In still another example, the
gaps 115, 116 may be between approximately 50 and 150 um. In a further example, the gaps
115, 116 may be between approximately 60 and 100 um. In still a further example, the gaps
115, 116 may be between approximately 50 and 1000 um. In a turther example, the gaps
115, 116 may be approximately 80 um. To stil other examples, the gaps 115, 116 may be
eliminated. In some applications, the gap 115 may not be identical to the gap 116.

{0064} The refractive index of the medium 68 may closely match the refractive indices of
the first optical component, the second optical component, and the coupling block 31, The
medium 68 may be an index matched adhesive such as an epoxy that not only transters light
between the first optical component, the second optical component, and the coupling block
31 in an efficient manner but also functions to secure the first optical component and the
second optical component 1o the coupling block. The epoxy between the optical fibers 100
and the first optical face 32 may be applied and cured at the same time the optical fibers are
secured within the V-grooves 24,

10065} In an alternate embodiment, the first optical component and the second optical
component may be secured to the coupling block 31 using some structure or mechanism other
than an adhesive and the medium 68 may be an index matching gel, fluid or other material
that does not have adhesive qualities,

10066} The index of refraction of the medium 68 may be any desired value. In one
example, the index of refraction of a silica optical fiber 1s approximately 1.48 and the index
of refraction of the polymer coupling block 31 1s approximately 1.56. In such case, the index
of refraction of the medium 68 may be matched to approximate the midpoint (i.¢,
approximately 1.52) between the indices of refraction of the optical fibers 100 and the
coupling block 31. In another exarple, the index of refraction of the medium 68 may be set
to be approximately equal to the index of refraction of either the optical fibers 100 or the
coupling block 31. In still another example, the index of refraction of the medium 68 may be
set at any value between the indices of refraction of the optical fibers 100 and the coupling
block 31. Regardless of the medium, the use of an index matched medium will generally
result in tmoproved optical characteristics within the optical system 10,

{0067} The coupling elements 40 of coupling block 31 provide the advantage of
redirecting and focusing optical signals from the first optical component to respective ones of

the second optical components without transmitting the signals through air and thus reduce
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the impact of reflections and changes in temperature on the signal transmission. More
specitically, as a signal travel through the coupling element 40 (i.e., from the first foci 51 to
the reflecting surface 41 and from the reflecting surface to the second foci 56}, it is subject to
a constant index of refraction along its entire path since it is always traveling though the
polymer matertal of the coupling block 31.

{0068} Still further, the components other than the coupling element 40 that form each
optical path of optical system 10 (i.e., first optical component, second optical coraponent, and
medium 68) have very similar indices of refraction and thus changes in temperature have a
relatively small impact. By closely matching the indices of refraction of the first optical
component, the second optical component, the coupling element 40, and the medium 68 and
avoiding the transmission of the signal through atr, the impact of changes 1o the index of
refraction due to changes in temperature and resulting degradation in the optical signal may
be minimized.

{0069} By reducing the impact of temperature change with respect to the refractive index,
the beam of light or optical signal is consistently focused on the target location. While this
may be desirable in most applications, it may be espectally important when one or both of the
first and second optical components are single mode optical components due to the relatively
small tolerances as compared to those of multi-mode components.

{6070} The shape of each coupling element 40 may also provide the benefit of
compensating to some extent for changes in the physical structure of the coupling element
due to expansion and contraction with changes in temperature. More specifically, due to the
ellipsoidal shape of the reflecting surface 41, the position of the first focal point 51 and the
second focal point 56 will typically follow the position of the first optical component and the
second optical component, respectively, as the coupling element 40 changes size with
changes in temperature.

{0071} The configuration of optical assembly 11 also permits a reduction in the number
of overall components, which may reduce the cost and complexity of the assembly process.
More specifically, the use of coupling element 40 that is directly engaged by the first and
second optical components (through the index-matching medium 68) results 10 a reduction of
the number of components along the optical path. The reduction in the number of
components along the optical path reduces the number of interfaces between components and
thus reduces the locations or opportunities for reflection of optical signals. In addition, the
reduction in the number of components also reduces the number of components that must be

aligned. Reductions in the number of active alignment processes may result in faster and less
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costly assembly of the optical system 10. In addition, reductions in the number of
components that must be aligned also increases the likelihood that passive alignment of
components may be utilized.

10072} The reduced number of components may also eliminate the transmission of optical
signals through air. Eliminating optical transmission through air may provide a number of
further advantages. First, the elimination of the air space required for the air transmission
may permit a reduction in the size of the optical assembly 11, In addition, the elimination of
optical transmission through air may eliminate or reduce the need for anti-reflective coatings
and hermetic sealing. Tn some applications, anti-reflective coating may decrease the optical
performance of the system in addition to increasing the cost. The elimination of hermetic
sealing may also reduce the size and complexity of the assembly as well as simplify the
assembly process and improve the robustness of the assembly.

10073} It will be appreciated that the foregoing description provides examples of the
disclosed system and technique. However, it is contemplated that other implementations of
the disclosure may differ in detail from the foregoing examples. For example, although the
embodiments are depicted with a plurality of optical fibers and other optical components, the
concepts described herein are applicable to embodiments including only a single optical fiber
or optical component at each face of the optical coupling member. All references to the
disclosure or examples thereof are intended to reference the particular example being
discussed at that point and are not intended to imply any limitation as to the scope of the
disclosure more generally. All language of distinction and disparagement with respect to
certain features is intended to indicate a lack of preference for those features, but not to
exclude such from the scope of the disclosure entirely unless otherwise indicated.

{0074} Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incorporated into the specification as if
it were individually recited herein. All methods described herein can be performed tn any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
{6075} Accordingly, this disclosure includes all modifications and equivalents of the
subject matter recited in the claims appended hereto as permitted by applicable law.
Moreover, any combination of the above-described elements in all possible variations thereof
is encompassed by the disclosure unless otherwise indicated herein or otherwise clearly
contradicted by context. Still further, the advantages described herein may not be applicable

to all embodiments encompassed by the claims.
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CLAIMS:

1. An optical system comprising:

a base having a fiber retention and alignment section and an optical coupling section,
the fiber retention and alignment section having a plurality of alignment members, each
alignment member being configured to receive an optical fiber therein, the optical coupling
section having an optical coupling block and including a plurality of optical coupling
elements, each optical coupling element having an ellipscidal reflecting surface defining a
first focal point and a second focal point, a first focal surface being generally aligned with the
first tocal point, a second focal surface being generally aligned with the second focal point,
the first focal surface and the second focal surface being spaced apart and at an angle to each
other, and an optical path extending through each optical coupling element from the first
focal point to the reflecting surface and to the second focal point, each alignment member
being aligned with the first focal point of one of the optical coupling elements;

a plurality of optical fibers, each optical fiber being positioned within one of the
alignment members and adjacent one of the first focal surfaces; and

a plurality of optical components, each optical component being positioned adjacent

one of the second focal surfaces.

2. The optical system of claim 1, wherein the base is a one-piece, unitarily

formed member.

3. The optical system of claim 1, wherein the optical coupling block is formed of

a polymer material.

4. The optical system of claim 3, wherein each optical path is entirely through

the polymer material.

5. The optical system of claim 3, wherein the polymer of the optical coupling
block has a first coefficient of thermal expansion, and further including an expansion
restricting component secured to the optical coupling section, the expansion restricting
component being formed of material having a second coefticient of thermal expansion, the
first coefficient of thermal expansion being greater than the second coefficient of thermal

expansion,
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6. The optical system of claim 5, wherein the optical coupling block has lateral
sides and the expansion restricting component is secured to the optical coupling section

generally adjacent the lateral sides.

7. The optical system of claim 5, wherein the optical coupling block further
includes a support member extending generally around a portion of the optical coupling block
and the expansion restricting component is secured to the support ruember along lateral sides

thereof

8. The optical system of claim 1, wherein the optical coupling section includes a
surface with a recess therein, the recess defining at least a portion of each of the reflecting

surfaces.

9. The optical system of claim 8, further including a reflector cover secured to

the optical coupling section to seal the recess.

10.  The optical system of claim 9, wherein the optical coupling block is formed of
a polymer material, the polymer material having a first coefficient of thermal expansion, and
the reflector cover is formed of material having a second coefficient of thermal expansion,

the first coefficient of thermal expansion being greater than the second coefficient of thermal

expansion.
11, The optical system of claim 1, wherein each alignment member is a V-groove.
12. The optical system of claim 1, wherein each optical component is an opto-

electronic component.

13, The optical system of claim 1, wherein a first external optical path between
each optical fiber through a first coupling medium and into the optical coupling block and a
second external optical path between each optical component through a second coupling

medium and ioto the optical coupling block de not pass through air.

14, The optical system of claim 1, wherein the angle of the first focal surface

relative to the second focal surface is between approximately 70 and 110 degrees.
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15. The optical system of claim 1, wherein a first gap exists between the optical
fiber and the first focal surface, a second gap exists between the optical component and the

second focal surface, and an index matched medium is positioned within each gap.

10, The optical system of claim 1, wherein an outer surface of the base adjacent

the reflecting surface has a reflective coating thereon.

17. The optical system of claim 16, wherein the reflective coating is chosen from

one of gold, silver, and a gold alioy.

18, An optical system comprising:

a base having a fiber retention and alignment section and an optical coupling section,
the fiber retention and alignment section having at least one alignment member for receiving
an optical fiber therein, the optical coupling section having an optical coupling block and
including at least one optical coupling element, each optical coupling element having an
ellipsoidal reflecting surface defining a first focal point and a second focal point, a first focal
surface being generally aligned with the first focal point, a second focal surface being
generally aligned with the second focal point, the first focal surface and the second focal
surface being spaced apart and at an angle to each other, and an optical path extending
through each optical coupling element from the first focal point to the reflecting surface and
to the second focal point, each alignment member being aligned with the first focal point of
one of the optical coupling elements;

at least one optical fiber, each optical fiber being positioned within one of the
alignment members and adjacent one of the first focal surfaces; and

at least one optical component, each optical component being positioned adjacent one

of the second focal surfaces.

19, The optical system of claim 18, wherein the base is a one-piece, unitarily
formed member.

20. An optical asserobly comprising:
a one-piece, unitarily formed base having a fiber retention and alignment section and

an optical coupling section,
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the fiber retention and alignment section having a plurality of alignment members,
each alignment member being configured to receive an optical fiber therein,

the optical coupling section having an optical coupling block and 1ncluding a plurality
of optical coupling elements, each optical coupling element having an ellipsoidal reflecting
surface defining a first focal point and a second focal point, a first focal surface being
generally aligned with the first focal point, a second focal surface being generally aligned
with the second focal poiut, the first focal surface and the second focal surface being spaced
apart and at an angle to each other, and an optical path extending through each optical
coupling elerment from the first focal point to the reflecting surface and to the second focal
point, each alignment member being aligned with the first focal point of one of the optical

coupling elements.
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