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WAVEGUIBE ALIGNMENT STRUCTURE

Related Applications

{0001} This patent application claims priority to U.S. Provisional Patent Application
62/299,810, entitled “WAVEGUIDE ALIGNMENT STRUCTURE,” which was filed on

February 25, 2016, and which is incorporated here by reference.

Technical Field
{0002} This disclosure relates generally to optical interconunections and, more
particularly, to a module and fool for and method of terminating a plurality of vertically

aligned optical waveguide tabs.

Background

{0063} Optical circuits are used to interconnect optical components within electronic and
other high-speed and/cr high-bandwidth systems. Inn some applications, optical circuits are
formed on a planar subsirate with a plurality of optical waveguides as a flexible optical
waveguide member.

[0004] The optical waveguide members may include tabs for termination to other optical
components. In some instances, it may be desirable to terminate a plurality of vertically
aligned tabs. Interconnections between planar optical circuit members and other components
have proven to be relatively complex and time-consuming. The waveguides of the planar
optical circutt members must be precisely aligned with optical elements of mating
components in order to create and optically efficient connection. A simple and cost-effective
manner of interconnecting waveguides of a planar optical circuit member to optical elements
of a mating component would be usetul.

{0005} The foregoing background discussion is intended solely to aid the reader. It is not
intended to limit the innovations 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 1s 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.
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Summary

{0066} In one aspect, a multi-tiered optical assembly includes a ferrule body having a
mating face, a rear face, and a pair of spaced apart sidewalls, with the mating face, the rear
face, and the sidewalls defining an opening. The ferrule body further includes a first support
fevel, and a second support level, with the second support level being vertically spaced from
the first support level. First and second flexible optical waveguide members each include at
feast one waveguide. The first waveguide member is disposed at the first support level and
extends between the mating face and the rear face, and the second waveguide member is
disposed at the second support level and extends between the mating face and the rear face.
{0607} In another aspect, a method of forming a multi-tiered optical assembly includes
providing a ferrule body having a mating face, a rear face, and a pair of spaced apart
sidewalls, with the mating face, the rear face, and the sidewalls defining an opening. The
ferrule body further including a first support level and a second support level, with the second
support level being vertically spaced from the first support level and vertically spaced from
the lower surface of the opening. The method further includes providing first and second
flexible optical waveguide members, with each waveguide member including at least one
waveguide, positioning the first waveguide member at the first support level and between the
mating face and the rear face, and positioning the second waveguide member at the second
support level and between the mating face and the rear face. The method also includes
engaging the first waveguide member adjacent the mating edge thereof to align the at least
one waveguide of the first waveguide member relative to the mating face of the ferrule body,
engaging the second waveguide member adjacent the mating edge thereof to align the at least
one waveguide of the second waveguide member relative to the mating face of the ferrule
body, and securing the first waveguide member and the second waveguide member to the
ferrule body.

{3008} In still another aspect, a multi-tiered optical assembly includes a terrule body
having a mating face, a rear face, and a pair of spaced apart stepped sidewalls, with the
mating face, the rear face, and the sidewalls defining an opening. The ferrule body further
includes a first support level having a pair of spaced apart first side surface portions with the
first side surface portions being a first distance apart, and a second support level having a pair
of spaced apart second side surface portions, with the second side surface portions being a
second distance apart. The second distance is greater than the first distance and the second
support level 1s vertically spaced from the first support level. A first flexible optical

waveguide member has a first mating edge and a first width and includes at feast one first
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waveguide. The first waveguide member is disposed at the first support level with the first
mating edge of the first waveguide member being disposed generally adjacent the mating
face of the ferrule body. A second flexible optical waveguide member has a second mating
edge and a second width wider than the first width and includes at least one second
waveguide. The second waveguide member s disposed at the second support level with the
second mating edge of the second waveguide member being disposed generally adjacent the

mating face of the ferrule body.

Brief Description of the Drawings

{0009} Fig. 1 is a perspective view of a multi-tiered optical assembly;

{0610} Fig. 2 1s an exploded perspective view of a portion of the optical assembly of Fig.
L
{0011} Fig. 3 is an enlarged perspective view of a tab of an optical waveguide member of
the optical assembly of Fig. 1;

{0012} Fig. 4 is an enlarged perspective view of a ferrule body of the multi-tiered optical
assembly of Fig. 1;

{0013} Fig. 5 is a top plan view of a schematic illustration of a muiti-tiered optical
assembly with an alignment fixture prior to engagement of the optical assembly;

{0014} Fig. 6 1s a top plan view similar to Fig. 5 but with the alignment fixture engaging
the multi-tiered optical assembly;

{0015} Fig. 7 is a side view of a schematic illustration of a portion of the alignment
fixture engaging a plurality of tabs of optical waveguide members to provide for vertical
alignment thereof’

{06016} Fig. 8 is a top plan view similar to Fig. 5 but with a second embodiment of a
horizontal alignment structure,

{0017} Fig. 9 is a top plan view similar to Fig. 5 but with a third embodiment of a
horizontal alignment structure;

[0018] Fig. 10 is a top plan view of a schematic illustration of a multi-tiered optical
assembly including a beam expanding element with an integrally formed waveguide
alignment structure;

{0019} Fig. 11 is a top plan view of a schematic illustration of a multi-tiered optical
assembly similar to Fig. 10 but with a second ernbedirent of a module alignment structure;

and
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{0620} Fig. 12 s a front view of a schematic illustration of a second embediment of a

multi-tiered optical assembly.

Detailed Description

{0021} Referring to Figs. 1-2, an array of aligned tabs 110a-110d of a plurality of flexible
optical waveguide members 100a-100d are mounted or disposed on a module or ferrule 10 to
form a multi-tiered optical assembly 50, Each flexible optical waveguide member 100 (Fig.
3} includes a base material or substrate 102, A layer of cladding 103 may be applied to the
substrate 102 and one or more optical waveguides 104 are formed on the cladding layer. If
desired, additional cladding 103 may be applied to the existing cladding layer and the
waveguides 104 so that the cladding fully surrounds the wavegimides. The index of refraction
of the waveguides 104 is higher thao that of the cladding 103. The substrate 102, the
cladding 103, and the waveguides 104 may be formed of any desired materials and in any
desired manner including those in which the optical waveguide member 100 1s flexible. In
one embodiment, the substrate 102, the cladding 103, and the waveguides 104 may be formed
of a resin or polymer material.

{0022} To facilitate termination of the waveguides 104, the optical waveguide member
100 may be formed with one or more tabs or relatively narrow extensions 110 (Fig. 3). Each
tab 110 has oppositely facing sidewalls 111 and a mating edge 112 that extends beiween the
sidewalls 111. The lower surface of the substrate 102 defines the lower surface 113 of the tab
110, An upper surface 114 is opposite the lower surface 113, Waveguides 104 extend within
or along the tab 110 of the optical waveguide member 100 from the mating edge 112 as
depicted by hidden lines 105 in Fig. 3 and, though not shown, extend throughout the optical
waveguide member as desired. As depicted, the waveguides 104 are closer to the substrate
102 and lower surface 113 than to the upper surface 114. In other embodiments, the
waveguides 104 may be positioned closer to the upper surface 114 or centrally located within
the tab 110.

{0023} Referring back to Figs. 1-2, the tabs 110 of the array are progressively narrower
from top to bottom. More specifically, the lower tab 110a has the smallest distance between
its sidewalls 111 and the upper tab 110d has the greatest distance between its sidewalls 111
The distance between the sidewalls 111 of the lower intermediate tab 110b is greater than that
of the lower tab 110a and the distance between the sidewalls 111 of the upper tntermediate

tab 110c is greater than that of the lower intermediate tab 110b but less than that of the upper
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tab 110d. Despite the different widths of the tabs 110a-110d, in some embodiments, each tab
may have the same number of waveguides 104. The multi-tiered optical assembly 50 may
include any number of optical waveguide members 100 and each optical waveguide member
may have any number of waveguides 104, In one embodiment, each optical waveguide
member 100 may have eighteen waveguides 104 so that the array of four optical waveguide
members has a total of seventy-two waveguides.

{0024} Ferrule 10 has a one-piece or unitary ferrule body 11 (Fig. 4) and may include a
cover 45. The ferrule body 11 as a generally flat front or mating face 12 and a generally tlat,
oppositely facing rear face 13, Sidewalls 14 extend between the mating face 12 and the rear
face 13. Outer surfaces 15 of the sidewalls 14 face in opposite directions. Inner surfaces 16
of sidewalls 14 are stepped and are widest or thickest adjacent the lower surface 17 of the
ferrule body 11 and are narrowest adjacent upper surface 18. The tnner surfaces 16 of
sidewalls 14 define a recess or opening 20 that extends between the inner surfaces and from
the mating face 12 to the rear face 13

{0025} Fach stepped inner surface 16 include four vertical side surface portions 21-24
with the lower side surface portion 21 adjacent the lower surface 25 of the opening 20 being
closest to the longitudinal centerline 26 of the ferrule body 11 and the upper side surface
portion 24 adjacent the upper surface 18 of the ferrule body being farthest from the
centerline. The distance between the lower side surface portions 21 of the sidewalls 14 is the
smallest while the distance between the upper side surface portions 24 of the sidewalls 1s the
greatest. The distance between the lower intermediate side surface portions 22 is greater than
the distance between the lower side surface portions 21 and the distance between the upper
intermediate side surface portions 23 is greater than the distance between the lower
intermediate side surface portions 22 and less than the distance between the upper side
surface pottions 24,

{0026} The opening 20 defines a plurality of support levels 30-33, with each support level
being configured to support a tab 110 of an optical waveguide member 100. The lower
support level 30 may be defined by the lower surface 25 of opening 20 and is configured to
support tab 110a. Aw upper support level 33 is defined by the upper horizontal support
surface 37 of each sidewall 14 and is configured to support tab 110d. The lower intermediate
suppart level 31 is defined by the lower intermediate horizontal support surface 35 of each
sidewal] 14 and is contfigured to support tab 110b. The upper intermediate support level 32 is
defined by the upper intermediate horizontal support surface 36 of each sidewall 14 and 1s

counfigured to support tab 110c. If desired, the lower support level 30 may be defined by
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separate horizontal support surfaces (334 in Fig. 11) that extend above the lower surface 25
of opening 20 so that lower tab 110a 1s positioned on the lower support level but spaced from
the lower surface.

{0027} Ferrule body 11 may include a pair of alignment holes or receptacles 40
positioned on opposite sides of the opening 20, As depicted, alignment holes 40 are
generally cylindrical and extend from the mating face 12 to the rear face 13. However, in
some embodiments, the holes 40 may not have a uniform cross-section but rather may be
tapered or stepped, or may have a uniform non-circular cross-section such as a hexagonal
shape. The alignment holes 40 are configured to receive a post 220 (Fig. 5) therein to
facilitate alignment when mating a pair of optical components.

{0028} A cover 45 (depicted in phantom 1n Fig. 1 for clarity) may be positioned within
opening 20 along the upper side surface portions 24 of each sidewall 14 and above the upper
horizontal support surfaces 37. The cover 45 is operative to assist in sealing the opening 20
and in securing the tabs 110 within the opening.

{0029} The ferrule body 11 may be formed of a resin capable of being injection molded
such as polyphenylene sulfide or polyetherimide and may include an additive such as silica
(8102) to improve the strength and dimensional stability of the resin. Other materials and
other manners of forming the ferrule body 11 are contemplated. Cover 45 may be formed of
a similar or identical material to that used to form ferrule body 11 or a different material may
be used.

{0030} During assembly, the mating edges 112 of tabs 110 mwust be accurately positioned
upon their respective support surfaces. More specifically, the mating edge 112, and thus the
waveguides 104 of each tab 110, must be precisely posttioned in all directions (x, v, and z}.
To do so, the tabs 110a-110d may be inserted sequentially into the recess 20 from the
narrowest tab 110a to the widest tab 110d. The lower tab 1103 is disposed at the lower
support level 30 with the sidewalls 111a of the lower tab adjacent the lower side surface
portions 21, the lower intermediate tab 110b s disposed at the lower intermediate support
fevel 31 with the sidewalls 111b of the lower intermediate tab adjacent the fower intermediate
side surface portions 22, the upper intermediate tab 110c 15 disposed at the upper intermediate
support level 32 with the sidewalls 111¢ of the upper intermediate tab adjacent the upper
intermediate side surface portions 23, and the upper 110d is disposed at the upper support
fevel 33 with the sidewalls 111d of the upper tab adjacent the upper side surface portions 24.
By positioning the tabs 110a-110d in such a manner, the waveguides 104 of the tabs are

generally positioned adjacent the mating face 12 of the ferrule body 11,
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{0631} To more precisely locate the waveguides 104 at the mating face 12 of ferrule body
11, horizontal and vertical alignment structures may be used to precisely position the mating
edges 112 of the tabs relative to the mating face 12 of the ferrule body 11, One embodiment
of a horizontal alignment structure is depicted in Figs. 5-6 in which each sidewall 111 of tabs
110 includes a triangular-shaped recess 120 to define an angled horizontal alignment surface
121 that extends outward from the mating edge 112 towards the sidewall 111, A fixture 200
may be aligned with the mating face 12 of the ferrule body 11.

{0032} The fixture 200 may include a horizontal recess 201 that extends along the
aligniment face 202 of the fixture and is generally aligned with the mating edge 112 of each
tab 110. An angled surface 203 is defined by the lateral edges 204 of each recess 201 and the
tnner surtaces 205 of projections 206 that are adjacent the lateral edges. The angled
alignment surfaces 121 of each tab 110 interact with the angled surfaces 203 of the fixture
200 to laterally or horizontally align the tabs relative to the ferrule body 1.

{0033} The fixture 200 may further include a vertical waveguide alignment structure 210
along the alignment face 202 for precisely positioning the waveguides 104 of each tab 110
vertically relative to the ferrule body 11. The vertical waveguide alignment structure 210
may be located within horizontal recess 201 and includes a horizontal alignment surface or
datum 211 configured to engage the lower surface 113 of each tab 110, A vertically sloped
surface 212 extends downward from tip 212 away from the tabs 110. The vertically sloped
surface 213 and horizontal alignment surface 211 define an opening 214 configured to
receive the mating edge 112 of a tab 110 therein.

{0034} Upon sliding the leading edge 123 of tab 110 into the opening 214, an upper
corner 115 of the leading edge will engage the vertically sloped surface 213 and force the tab
downward so that the lower surface 113 of the tab engages the horizontal alignment surface
211, In some embodiments (e.g., Fig. 1}, the horizontal alignment surface 211a associated
with the lower support level 30 may be climinated and the lower surface 113 of the lower tab
110a pressed against the lower surface 25 of ferrule body 11 by the vertically sloped surface
213a. In the embodiment depicted in Fig. 11, the horizontal alignment surface 211a is used
to set the vertical posttion of waveguides 104 of the lower tab 110.

{0035§ As depicted, the horizontal alignment surface 211 is configured to engage the
tower surface 113 of tab 110. Such a structure may be desirable when the waveguides 104
are positioned generally adjacent the lower surface 113, In instances in which the

waveguides 104 are positioned generally adjacent the upper surface 114 of tab 110, it may be
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desirable to invert the vertical waveguide alignment structure 210 so that the horizontal
alignment surface 211 engages the upper surface of the tab.

{0036} The fixture 200 may further include guide posts 220 (Figs. 5-6) that interact with
the alignment holes 40 of the ferrule body 11 to accurately position the fixture relative to the
ferrule body. By doing so, the alignment components such as the angled surfaces 203 and
vertical waveguide alignment structure 210 may be precisely and consistently positioned
relative to the ferrule body 11, The portions of the fixture 200 that may engage an adhesive
during the manufacturing process, such as the horizontal recess 201, the projections 206, and
the vertical waveguide alignment structure 210, may be coated with a non-stick material,
such as polytetrafluoroethylene or any other desired material, to facilitate removal of the
fixture after the adhesive has been cured.

{0037} To assemble a multi-tiered optical assembly 50, the tabs 110a-110d are positioned
within the opening 20 of ferrule body 11 and subsequently secured with an adhesive such as
an ultraviolet curable epoxy. The adhesive may be applied as each tab 110 is positioned
within the opening 20 or may be applied after all of the tabs have been mounted within the
recess. Cover 45 may be positioned within the opening 20 after all of the tabs 110 have been
inserted therein. The adhesive may also be applied adjacent the mating face 12 of the ferrule
body 11 and thus may fill the opening 20 to secure the tabs in position.

{0038} Prior to curing the adhesive, fixture 200 is positioned so that the guide posts 220
are aligned with the alignment holes 40 of the ferrule body 11, The fixture 200 is moved
relative to the ferrule body 11 so that the guide posts 220 slide into the alignment holes 40.
As the alignment face 202 approaches the mating edges 112 of tabs 110, the angled alignment
surface 121 along each sidewall 111 engages the angled surface 203 of the fixture 200 to
position the tabs (and thus waveguides 104) laterally relative to the ferrule body 11, In
addition, the upper comer 115 of each mating edge 112 of the tabs 110 engages the vertically
sloped surface 213 of the vertical waveguide alignment structure 210 and forces the tabs
downward so that the lower surface 113 of each tab engages one of the horizontal alignment
surfaces 211 to position the tabs (and thus the waveguides 104) vertically relative to the
ferrule body 11,

{0039 The adhesive may then be cured to secure the tabs 110 in their desired locations.
The fixture 200 may be removed from the ferrule body 11 by sliding the fixture and the guide
posts 220 from the alignment holes 40. The mating edge 112 of the tabs 110 together with
the mating face 12 of the ferrule body 11 may be polished as desired, such as until planar.

The depth of the horizontal recesses 201 and thus the amount that the mating edge 112 that
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must be polished may be any desired distance. The depth depicted in Figs. 5-6 is for clarity
and not necessarily to scale. In some applications, the recesses 201 may be eliminated
depending on the manner in which the multi-tiered optical assembly 50 is terminated or
interconnected to another component.

{0040} Various alternative structures may be utilized, if desired. For example, the recess
201 in the alignment surface 202 may be eliminated or the depth reduced as compared to that
depicted in Figs. 5-6. In such case, the vertical waveguide alignment structure 210 may
project into the recess 20 during the assembly process. In another example, the horizontal or
lateral alignment may be achieved with an angled or V-shaped groove 125 (Fig. §) along the
mating edge 112 and aligned with the waveguides 104. A similarly shaped V-shaped
projection 210 extends from the alignment surface 202, In such case, the mating faces 112 of
the tabs 110 are polished after assembly until the V-shaped groove 125 is removed.

{0041} In still another example depicted in Fig. 9, one or both of the side surface portions
21-24 at each support level 30-33, respectively, may be precisely positioned and the
corresponding sidewall(s) 111 of each tab may be precisely formed or cut so that upon
insertion of the tabs into the recess 20, the waveguides 104 are precisely positioned
horizontally or laterally relative to the ferrule body 11

[0042] In a further embodiment, the vertical waveguide alignment structure along the
alignment face 202 may be configured as a horizontal V-groove or channel (not shown}
aligned with each tab 110. More specifically, the horizontal alignment surface or datum 211
may be replaced with another sloped surface (not shown) that converges towards the
vertically sloped surface 1235 to define a horizontal V-groove. Upon sliding the leading edge
123 of tab 110 into the opening of the V-groove, the leading edge will engage the angled
surfaces of the V-groove to position the tab at the desired vertical location.

{0043} In still another embodiment, a multi-tiered optical assembly 150 may include a
waveguide alignment structure 155 for horizontally and vertically positioning the tabs 110
and their waveguides 104that is formed as part of a lens plate 160 (Fig. 10) that is mounted to
the mating face 12 of ferrule body 11. The lens plate 160 maybe generally rectangular with a
front face 161 and an oppositely facing rear face 162. The rear face 162 is positioned
adjacent the mating face 12 of the ferrule body 11. A recess 163 may be centrally located in
the front face 161 and includes a plurality of lens elements 164. One lens elements 164 is
aligned with the mating edge of each waveguide 104, The lens elements 164 may be

configured as collimating or cross-focusing.
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[0G44] The rear face 162 of lens plate 160 may also include the waveguide alignment
structure 155 for horizontally and vertically positioning the tabs 110 and their waveguides
104, In one embodiment, the waveguide alignment structure 155 may be similar or identical
to that described above with respect to fixture 200. More specifically, the rear face 162 may
be positioned generally adjacent the mating edge 112 of each tab 110, As depicted, the
mating edge 112 of tab 110 extends past the mating face 12 of ferrule body 11 and the rear
face 162 of lens plate 160 includes a horizontal recess 165 to receive the mating edge 112, In
another embodiment, the mating edge 112 of tab 110 may be generally aligned with the
mating face 12 of the ferrule body 10 and the recess 165 in the lens plate 160 eliminated.
[0045] Angled surface 160 is defined by the lateral edges 167 of each recess 165 and the
tnner surtaces 168 of projections 169 that are adjacent the lateral edges. The angled
alignment surfaces 121 of each tab 110 interact with the angled surfaces 166 of the lens plate
160 to laterally align the tabs relative to the ferrule body 11. The lens plate 160 may further
include a vertical waveguide alignment structure such as that depicted in Fig. 7.

{0046} A pair of cylindrical guide holes or receptacles 170 may extend through lens plate
160 and be configured to receive a guide post (not shown) therein to align the guide holes
with the alignment holes 40 of ferrule body 11 and thus position the alignment structures of
the lens plate relative to the ferrule body 11 and align the mating edges of the optical
waveguides 104 relative to the ferrule body 11 and the lens plate 160. A gap (not shown}
between the mating edges of the waveguides 104 and the lens plate 160 may be filled with
refractive index matching material.

{0047} The lens plate 160 may be formed of an optical grade resin or polymer thatis
capable of being injection molded. In one example, the refraciive index of the lens plate 160
may closely match that of the waveguides 104, In other embodiments, the refractive index of
the lens plate 160 may match that of a mating component (not shown) or may be set at some
other value.

{0048] Referring to Fig. 11, another embodiment of a multi-tiered optical assembly 250
having a lens plate 260 with an integral waveguide alignment structure 155 is depicted. Such
embodiment may be identical or similar to that depicted in Fig. 10 but includes an alternate
mating alignment structure 270 for aligning mating assemblies. In the multi-tiered optical
assembly 250, the alignment holes 40 may be eliminated from the ferrule body 11 as are the
guide holes 170 from the lens plate 60. More specifically, the lens plate 260 includes a
hermaphroditic mating alignment structure 270 with a cylindrical projection 271 extending

from the front face 161 of the lens plate and a similarly configured opening or recess 272
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aligned in the front face but on the laterally opposite side of the recess 163 and lens elements
164, In other words, the projection 271 and the recess 272 are symmetrically positioned
relative to the lens elements 164 so that an identically configured mating multi-tiered optical
assembly or another component with the same hermaphroditic mating alignment structure
270 will be properly aligned and mate with the lens plate 260, Although depicted with the
projection 271 and the opening 272 being cylindrical in shape, the projection and opening
may be any complimentary shape.

0049} Since the lens plate 260 is molded as a one-piece member, the hermaphroditic
mating alignment structure 270 of the lens plate includes both the waveguide alignment
structure 155 and the mating alignment structure 270. As result, the waveguides 104 and the
tabs 110 do not need to be aligned relative to the ferrule body 11 which may simphty the
manufacturing process by reducing the number of components that must be aligned and
increasing the precision of the assembly by reducing tolerance stack-up.

[0050] Although the embodiments of Figs. 10-11 are depicted with the lens plate 160,
260 being formed as a separate component from the ferrule body 11, in another embodiment
the lens plate may be integrally formed with the ferrule body.

{0051} Still another embodiment of a multi-tiered optical assembly 350 is depicted in Fig.
12, Multi-tiered optical assermbly 350 includes a plurality of tabs 110 with each tab having
an identical width. Otherwise, the tabs 110 are identical to those describe above and the
description thereot is not repeated herein.

{0052} Multi-tiered optical assembly 350 also includes a ferrule 310 having a body 311
with sidewalls 314, The inner surface 316 of each sidewall 314 15 generally vertical and
includes a plurality of vertically aligned, laterally outwardly extending grooves 328. Each
pair of horizontally aligned groove 328 defines a support level 330-333 to receive one of the
tabs 110. Hach groove 328 defines a support surface 334-337 upon which a tab 110 may be
disposed. The inner surfaces 316 of the sidewalls, lower surface 325, and upper surface 329
define opening 320 into which the tabs 110 extend. Opening 320 is depicted without an open
upper surface but may include such a configuration and a cover {not shown) to seal the
opening if desired.

10053} To assemble the multi-tiered optical assembly 350, each tab 110 is aligned with
and inserted into one of the grooves 328 from the rear face (not shown) of ferrule body 311
and towards the mating face 312. Other aspects and manners of assembly as described above

may be applied to the multi-tiered optical assembly 350 and are not repeated herein.
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[0054] 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 ditfer in detail from the foregoing examples. 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. Al 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.

{0055] Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value failing 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 in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
[0056] Accordingly, this disclosure includes all medifications 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 uniess otherwise indicated herein or otherwise clearly

contradicted by context.
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CLAIMS:

I A multi-tiered optical assembly comprising:
a ferrule body having
a mating face,
a rear face,
a pair of spaced apart sidewalls,
the mating face, the rear face, and the sidewalls defining an opening,
a first support level, and
a second support level, the second support level being vertically spaced from
the first support level; and
first and second flexible optical waveguide members, each waveguide member
including at least one waveguide, the first waveguide member being disposed at the first
support level and extending between the mating face and the rear face, and the second
waveguide member being disposed at the second support level and extending between the
mating face and the rear face.
2. The multi-tiered optical assembly of claim 1, wherein the second support level
includes a pair of spaced apart second support suifaces, each second support surface
extending generally along each sidewall, the second waveguide member betug disposed on

the second support surfaces.

3. The multi-tiered optical assembly of claim 2, wherein the first support level includes a
pair of spaced apart first support surfaces, each first support surface extending generally
along one of the sidewalls, the first support surfaces being spaced from a lower surface of the

opening.

4. The multi-tiered optical assembly of claim 2, wherein the opening includes a lower

surface, the Jower surface of the opening being coplanar with the first support level.

5. The multi-tiered optical assembly of claim 1, wherein the sidewalls extend between

the mating face and the rear face.
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6. The multi-tiered optical assembly of claim 1, further including a horizontal alignment
structure to position the at least one waveguide of cach of the first and second flexible optical

waveguide members at desired locations.

7. The multi-tiered optical assembly of claim 6, wherein the first support level includes a
pair of spaced apart first side surface portions, the second support level includes a pair of
spaced apart second side surface portions, the first optical waveguide member having
oppositely facing first side edges, the second optical waveguide member having oppositely
facing second side edges, one first side edge engaging one of the first side surface portions,

and one second side edge engaging one of the second side surface portions.

3. The multi-tiered optical assembly of claim 1, wherein each optical waveguide
member has a mating edge, the mating edge of each optical waveguide member being

disposed generally adjacent the mating face of the ferrule body.

9. The multi-tiered optical assembly of claim 1, wherein each optical waveguide
member has a mating edge, and further including a beam expanding element adjacent the
mating face of the ferrule body, the beam expanding element including a lens member
aligned with each waveguide, the beam expanding element including a vertical alignment

member aligned with the mating edge of the second optical waveguide member.

10. The multi-tiered optical assembly of claim 9, wherein the vertical alignment member
includes at least one angled surface, the mating edge of the second optical waveguide

member engaging the angled surface.

i1 The multi-tiered optical assembly of claim 10, wherein the vertical alignment member
further includes a horizontal surface, the second optical waveguide member being disposed

on the horizontal surface.
12. The multi-tiered optical assembly of claim 11, further including a horizontal

alignment structure to precisely position the at least one waveguide of each of the first and

second flexible optical waveguide members.
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13, The multi-tiered optical assembly of claim 12, wherein a portion of the horizontal

alignment structure is disposed on the beam expanding element.

14.  The multi-tiered optical assembly of claim 9, wherein the beam expanding element is

integrally formed with the ferrule body.

1S, A method of forming a multi-tiered optical assembly comprising:

providing a ferrule body having a mating face, a rear tace, a pair of spaced apart
sidewalls, the mating face, the rear face, and the sidewalls defining an opening, a first support
fevel, and a second support level, the second support level being vestically spaced from the
first support level and vertically spaced from the lower surface of the opening;

providing first and second flexible optical waveguide members, each waveguide
member including at least one waveguide and a mating edge;

positioning the first waveguide member at the first support fevel and between the
mating face and the rear face;

positioning the second waveguide member at the second support level and between
the mating face and the rear face;

engaging the first waveguide member adjacent the mating edge thereof' to align the at
feast one waveguide of the first waveguide member relative to the mating face of the ferrule
body;

engaging the second waveguide member adjacent the mating edge thereof to align the
at least one waveguide of the second waveguide member relative to the mating face of the
ferrule body; and

securing the first waveguide member and the second waveguide member to the ferrule

body.

16.  The method of claim 15, wherein the step of engaging each waveguide member
adjacent the mating edge thereof includes engaging each waveguide member adjacent the
mating edge thereof with an angled surface to vertically position the at teast one waveguide

of each waveguide member relative to the ferrule body.

17. The method of claim 16, wherein each waveguide member includes an angled

horizontal alignment surface and further including engaging the angled horizontal alignment
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surface to horizontally position the at least one waveguide of each waveguide member

relative to the ferrule body.

18. The method of claim 16, further including providing a fixture which includes the

angled surface and engaging cach waveguide member with the angled surface of the fixture.

19, The method of claim 16, further including providing a beam expanding element
which includes the angled surface and engaging cach waveguide member with the angled

surface of the beam expanding element.

20, A mult-tiered optical assembly comprising:

a ferrule body having a mating face, a rear face, a pair of spaced apart stepped
sidewalls, the mating face, the rear face, and the sidewalls defining an opening, a first support
fevel including a pair of spaced apart first side surface portions, the first side surface portions
being a first distance apart, and a second support level including a pair of spaced apart second
side surface portions, the second side surface portions being a second distance apast, the
second distance being greater than the first distance, the second support level being vertically
spaced from the first support level;

a first flexible optical waveguide member, the first flexible waveguide member
having a first mating edge and including at least ovne first waveguide, the first optical
waveguide member having a first width, the first waveguide member being disposed at the
first support level with the first mating edge of the first waveguide member being disposed
generally adjacent the mating face of the ferrule body; and

a second flexible optical waveguide member, the second flexible waveguide member
having a second mating edge and including at least one second waveguide, the second optical
waveguide member having a second width, the second width being wider than the first width,
the second waveguide member being disposed at the second support level with the second
mating edge of the second waveguide member being disposed generally adjacent the mating

face of the ferrule body.
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