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OPTICAL CONNECTOR ASSEMBLY

Technical Field

This disclosure relates generally to optical connector assemblies and optical ferrules.

Background
Optical connectors can be used for optical communications 1n a variety of applications including
telecommunications networks, local arca networks, data center links, and internal links 1n computer devices.
Optical communication can also be extended to applications mside smaller consumer electronic appliances
such as laptops and cell phones. With the miniaturization of optical modules and optical fiber devices,

optical fiber congestion can occur at optical interfaces and connection distribution points.

Summary

Various aspects and embodiments described herein relate to optical connectors and optical ferrules.

Some aspects of the disclosure relate to an optical ferrule configured to mate with a mating optical
ferrule. The optical ferrule includes opposing top and bottom major surfaces. The top surtace includes an
attachment portion for rece1ving and securing one or more optical waveguides. The top surface includes a
light redirecting portion for changing a direction of light received from an optical waveguide recerved and
secured 1n the attachment portion. First and second engagement portions are disposed at respective front
and rear ends of, and mtegral to, the optical ferrule. The first and second engagement portions are spaced
apart along a length direction of the optical ferrule. A mating optical ferrule includes first and second
engagement portions disposed at respective front and rear ends of, and integral to, the mating optical ferrule
and spaced apart along a length direction of the mating optical ferrule. When the optical ferrule mates with
the mating optical ferrule, the first and second engagement portions of the optical ferrule engage the
respective second and first engagement portions of the mating optical ferrule. The engagement prevents
cach of the optical ferules from moving relative to the other optical ferrule along at least mutually

orthogonal first and second directions orthogonal to the length direction of the optical ferrule.

Some other aspects of the disclosure relate to an optical ferrule configured to move along a mating
direction to mate with a mating optical ferrule. The optical ferrule includes an attachment portion for
recerving and securing one or more optical waveguides. First and second engagement portions are formed
integrally with the optical ferrule and spaced apart from each other along the mating direction. The mating
optical ferrule mncludes first and second engagement portions formed integrally with the mating optical
ferrule and spaced apart from each other along the mating direction. When the optical ferrule mates with
the mating optical ferrule, the first and second engagement portions of the optical ferrule engage the

respective second and first engagement portions of the mating optical ferrule. The engagement prevents
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cach of the optical ferules from moving relative to the other optical ferrule along at least mutually

orthogonal first and second directions orthogonal to the mating direction.

These and other aspects of the present application will be apparent from the detailed description
below. In no event, however, should the above summaries be construed as limitations on the claimed subject

matter, which subject matter 1s defined solely by the attached claims.

Brief Description of Drawings
The various aspects of the disclosure will be discussed 1n greater detaill with reference to the

accompanying figures where,

FIG. 1 schematically shows optical ferrules mated with cach other according to certain
embodiments:

FIGS. 2 and 3 schematically show different views of the optical ferrule and the mating optical
ferrule;

FI1G. 4 schematically shows a cross sectional view of an optical ferrule mated with an optical mating
ferrule according to certain aspects of the disclosure;

FIGS. 5 and 6 schematically show the top and bottom views of the mated optical ferrules;

FIGS. 7-9 schematically show different assembled and exploded views of optical ferrules mated
with each other according to some embodiments of the disclosure; and

FIGS. 10-15 schematically show different assembled and exploded views of optical ferrules mated

with each other according to some other embodiments of the disclosure:

The figures are not necessarily to scale. Like numbers used n the figures refer to like components.
However, 1t will be understood that the use of a number to refer to a component 1n a given figure 1s not

intended to limit the component m another figure labelled with the same number.

Detailed Description of Illustrative embodiments
In the following description, reference 1s made to the accompanying drawings that form a part
hereof and 1n which various embodiments are shown by way of illustration. It 1s to be understood that other
embodiments are contemplated and may be made without departing from the scope or spirit of the present

description. The following detailed description, therefore, 1s not to be taken 1n a limiting sense.

Optical connectors can be used to connect multi-fiber ribbon cables, for example. A ribbon cable
typically includes a plurality of optical fibers organized and molded side by side m a plastic ribbon. An
optical connector may include an optical ferrule configured to receive optical fibers from a ribbon cable.
Two mating optical ferrules with the same fiber spacing may be placed 1n an abutting relationship so that

the ends of the fibers of the respective ferrules are substantially co-axially aligned with one another, thereby
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forming a multi-fiber connection. Mating of optical ferrules can utilize constant forward and normal forces
that can be directly or indirectly applied to the ferrules. The force can be applied anywhere on the ferrule,
as long as 1t does not interfere with other requirements. Bending of the multi-fiber ribbons may be used to
provide the desired forward and normal forces to keep the ferrules mated to each other. However, bending
of the fibers may create stress over time 1n the fibers themselves and 1n the bonding between the fibers and
the ferrule. In some embodiments of the present disclosure, optical ferrules and/or optical connectors
include features that generate the desired forward and normal forces substantially without using bending of

the optical fibers to produce the desired forces.

Optical connectors including expanded beam optical connectors may include optical ferrules (also
known as “light coupling units™) that may be formed as unitary, molded structures. A unitary optical ferrule
1S a single piece structure that includes one or more elements for receiving and securing a waveguide, one
or more clements for affecting light from the waveguide, and one or more alignment features. Optical
connectors described herein include one or more optical cable assemblies disposed 1n a housing. The optical
cable assemblies may include one waveguide or arrays of multiple parallel waveguides (typically 4, 8 or 12

or more parallel waveguides) attached to one or more optical ferrules.

As 1llustrated in FIGS. 1 to 4, an optical connector assembly includes an optical ferrule (100) and
a mating optical ferrule (200). The optical ferrule (100) 1s configured to mate with the mating optical ferrule.
In some aspects, the optical ferrule (100) may be configured to move along a mating direction (x-axis) and
mate with the mating optical ferrule (200). In some embodiments, the optical ferrule may have more than
on¢ mating direction. For example, in some embodiments the optical ferrule may be adapted to be moved
along a first mating direction, or along a second orthogonal mating direction, or along a vector sum of the
first and second mating directions relative to a mating optical ferrule 1n order to mate with the mating optical

ferrule.

In some aspects, the optical ferrules (100, 200) may have a unitary construction. In other aspects,
the optical ferrule may be a ferrule that includes pieces formed separately and adhered or otherwise fastened
together. The ferrule may be made from any suitable maternals including polymers or ceramics. The ferrule
may include one or more elements that guide or help guide the ferrule and a mating ferrule into alignment
when the two ferrules are mated. In some aspects, either one of, or both, the optical ferrules (100, 200) may

be hermaphroditic.

In some embodiments, an optical connector may include a housing and the optical ferrules may be
assembled to the housing. The housing may function to prevent dirt from mterfering with optical
connections, for example. The housmng may provide, mm some stances, retention force to maintain the
ferrules 1n positive contact, as well as a latching and release mechanism for mating and de-mating an optical

connector. In addition, the housing can protect an optical ferrule from outputting stray light that can be a
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safety hazard to those nearby. In some embodiments, the housing may have a latching mechanism to prevent
1ts accidental opening. In some embodiments, the housing may have a door mechanism that may be opened
by the action of mating two connectors. The housing can have any suitable configuration for holding and

securing the optical ferrule and for mating the optical connector to the mating optical connector.

In some aspects, the optical ferrule (100) includes an attachment portion (20). In the illustrated
embodiment, the optical ferrule (100) includes a top major surtace (10) and an opposing bottom major
surface (11) and the top surtace (10) includes the attachment portion (20). The attachment portion (20) may
be configured to receive and secure one or more optical waveguides (30) as shown m FIG. 4. In some
embodiments, the one or more optical waveguides (30) may form a waveguide array of an optical cable.
The term optical waveguide 1s used herein to refer to an optical element that propagates signal light. An
optical waveguide may have at least one core with a cladding, wherein the core and cladding are configured
to propagate light, ¢.g., by total internal reflection. An optical waveguide may be, for example, a single or
multi-mode waveguide, a single core optical fiber, a multi-core optical fiber, a polymeric waveguide, or
planar waveguides disposed on a substrate. A waveguide may have any suitable cross sectional shape, ¢.g.,
circular, square, rectangular etc. The individual waveguides 1n the waveguide array may be optical fibers
made of glass with a protective buffer coating. Multiple parallel waveguides of a waveguide array may be

enclosed by a jacket.

The attachment portion (20), according to some aspects, may include one or more attachment areas
for rece1ving and securing one or more optical waveguides (30). The attachment portion (20) extends along
a mating direction (x-axis). The optical waveguides (30) according to some embodiments may be optical
fibers, and may be aligned 1 grooves provided in the attachment areas of the attachment portion (20) to
which they are permanently attached. At the point of attachment, the fiber butfer coating and protective
jacket (1f any) of the waveguides (30) are stripped away to allow only the bare optical fibers to lic aligned

and permanently atfixed to the grooves 1n the attachment areas of the attachment portion (20).

As shown 1mn FIGS. 1 and 4, the top surtace (10) of the optical ferrule (100) includes a light
redirecting portion (40). The light redirecting portion (40) changes a direction (x-axis) of light (31) received
from an optical waveguide (30) recerved and secured 1n the attachment portion (20). In some aspects, the
light redirecting portion (40) may be configured to change the direction of light (31) received from the
optical waveguide (30) received and secured 1 the attachment portion (20) by at least 45 degrees, or at
least about 60 degrees. In some embodiments, the optical ferrule (100) and the mating optical ferrule (200)
may each include an array of light redirecting elements 1n the light redirecting portion (40), at least one for
cach optical waveguide (30) mn the waveguide array attached to respective ferrules. The exit ends of the
optical waveguides (30) received and secured 1n the attachment portion (20) of the optical ferrule (100)
may be situated so as to be able to direct light (31) emanating from each optical waveguide (30) into the

input side or face of a corresponding light redirecting element in the light redirecting portion (40) of the
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mating ferrule (200). For example, in various embodiments, each light redirecting element 1in the hight
redirecting portion (40) has one or more of a prism, a lens, and a reflecting surtace, such as a mirror or the

like, to collimate light.

In some embodiments, the light redirecting portion (40) changes the direction of light rece1ved from
an optical waveguide (30) recerved and secured 1n the attachment portion (20) from the length direction (x-
axis) of the optical ferrule (100) to a different direction (32), as best seen in FIG. 4. The light (31) from the
optical waveguide 1n the optical ferrule (100), which 1s reflected by the light redirecting portion (40) of the
optical ferrule (100), 1s redirected to the light redirecting portion (40) of the mating optical ferrule (200).
The light redirecting portion (40) of the mating optical ferrule (200) 1s oriented to focus the reflected light
(31) into the optical waveguide (33) in the mating optical ferrule (200). In some other aspects, the light
redirecting portion (40) may be configured to change the direction of the light (31) from the optical
waveguide (30) recerved and secured 1n the attachment portion (20) primarily by total internal reflection
(TIR). In some embodiments, the light redirecting elements 1n the light redirecting portion (40) may include

a reflective coating, for example, or otherwise be made retlective.

The mating of the ferrules (100, 200) 1s maintained at a constant forward and normal force with
respect to the ferrule. For instance, engagement portions may be integrally provided with the ferrules (100,
200) to maintain the mating of the ferrules at substantially constant forward and normal force with respect
to the ferrules. According to the various illustrated embodiments, first (60) and second (70) engagement
portions may be formed integrally with the optical ferrule (100). The first engagement portion (60) may be
spaced apart from the second engagement portion (70) along the mating direction (x-axis). For mstance,
the first (60) and second (70) engagement portions may be disposed at respective front (101) and rear (102)
ends of, and integral to, the optical ferrule (100) and spaced apart along a length direction (x-axis) of the
optical ferrule (100). The mating optical ferrule (200) includes first (210) and second (211) engagement
portions formed integrally with the mating optical ferrule (200). The first engagement portion (210) of the
mating optical ferrule (200) may be spaced apart from the second engagement portion (211) of the mating
optical ferrule (200) along the mating direction (x-axis). For mstance, the first (210) and second (211)
engagement portions may be disposed at respective front (220) and rear (221) ends of, and integral to, the

mating optical ferrule (200) and spaced apart along a length direction (x-axis) of the mating optical ferrule

(200).

According to certain aspects of the disclosure, when the optical ferrule (100) mates with the mating
optical ferrule (200) the first (60) and second (70) engagement portions of the optical ferrule (100) engage
the respective second (211) and first (210) engagement portions of the mating optical ferrule (200). The
engagement of the engagement portions of the optical ferrule (100) with the respective engagement portions
of the mating optical ferrule (200) prevents each of the optical ferules from moving relative to the other

optical ferrule along at least mutually orthogonal first (y-axis) and second (z-axis) directions orthogonal to
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the mating direction (x-axis), or orthogonal to the length direction (x-axis) of the optical ferrule (100). The
first (y-axis) and second (z-axis) directions, 1n some 1nstances, are respective width and thickness directions

of the optical ferrule.

In some embodiments, the engagement between the first (60) and second (70) engagement portions
of the optical ferrule (100) and the respective second (211) and first (210) engagement portions of the
mating optical ferrule (200) prevents each of the optical ferules from rotating relative to the other optical

ferrule.

As illustrated in FIG. 1, in some embodiments, the optical ferrule (100) includes at least one mating
stop (110). In some aspects, the mating stop (110) may be formed mtegrally with the optical ferrule (100).
The mating stop (110) may be disposed between the first (60) and second (70) engagement portions. The
mating optical ferrule (200) may include a corresponding mating stop (111). In some aspects, the
corresponding mating stop (111) may be disposed between the first (210) and second (211) engagement
portions of the mating optical ferrule (200). When the optical ferrule (100) mates with the mating optical
ferrule (200), the mating stop (110) engages the corresponding mating stop (111) of the mating optical
ferrule (200). In some aspects, each mating stop may include protrusions and recesses to interlock with
cach other. Engagement of the mating stops (110, 111) with each other prevents each of the optical ferules

from further moving relative to the other optical ferrule along the length direction of the optical ferrule.

In some embodiments, as best 1llustrated in FIGS. 5 and 6, the first engagement portion (60, 210)
of each optical ferrule (100, 200) includes a first inclined surface (61). The second engagement portion (70,
211) of each optical ferrule includes a pair of second inclined surfaces (71) spaced apart along a width
direction (y-axis) of the optical ferrule. When the optical ferrule (100) mates with the mating optical ferrule
(200), the first mmclined surface (61) of the first engagement portion of cach optical ferrule makes surface
contact with each of the second inclined surtaces (71) of the second engagement portion of the other optical
ferrule. The surface contact made by the inclined surfaces (61, 71) generates the pressing force suitable for
retaining the ferrules 1in the mated position. The pressing force generated prevents each of the optical ferules
from moving relative to the other optical ferrule along at least mutually orthogonal first (y-axis) and second
(z-axis) directions orthogonal to the length direction of the optical ferrule. During operation, the surface
contact between the inclined surfaces (61, 71) may be maintained such that the optical alignment of the

ferrules 1n the mated condition remains unchanged.

The engagement portions of the optical ferrules may be of other configurations as illustrated 1n
FIGS. 2 and 8-14. For instance, the first engagement portion (60) of cach optical ferrule (100, 100, 100")
may include a first projection (80, 80°, 120) and the second engagement portion (70) of each optical ferrule
may define a second opening (90, 907, 90"). The first projection and second opening may be formed such

that when the optical ferrule (100) mates with the mating optical ferrule (200), the first projection (80, 80',



10

15

20

25

30

35

WO 2021/124014 PCT/1B2020/061637
7
120) of the first engagement portion of each optical ferrule closely fits within the second opening (90, 90',
90") of the second engagement portion of the other optical ferrule. The first projection (80, 80", 120) closely
fits within the second opening (90, 90°, 90") so as to generate the pressing force suitable for retaining the
ferrules 1in the mated position. The pressing force generated prevents each of the optical ferules from moving
relative to the other optical ferrule along at least mutually orthogonal first (y-axis) and second (z-axis)
directions orthogonal to the length direction of the optical ferrule. During operation, the close fit between
the first projection of each optical ferrule and the second opening of the other optical ferrule maintains the

optical alignment of the ferrules in the mated condition.

In the embodiment illustrated in FIGS. 2 and 5, the first projection (80) may mnclude an inclined
surface (61) and the second opening (90) may mclude a pair of second inclined surtaces (71) spaced apart
along a width direction (y-axis) of the optical ferrule. When the optical ferrule (100) mates with the mating
optical ferrule (200), the inclined surface (61) of the first projection (80) of ecach optical ferrule makes
surface contact with ecach of the second inclined surfaces (71) formed in the second opening (90) of the
other optical ferrule. During operation, the surface contact between the inclined surtaces (61, 71) maintains
the optical alignment of the ferrules 1in the mated condition and prevents each of the optical ferules from
moving relative to the other optical ferrule 1n at least directions orthogonal to the length direction of the

optical ferrule.

In some embodiments, the first projection (80°, 120) has a prismatic shape, as best seen 1in FIGS. 8

and 14. In some aspects, as shown 1 FIGS. 14 and 15, the first projection (120) may taper from a larger

back end (121) to a smaller front end (122).

In some aspects, as illustrated in FIGS. 10 and 12, the second opening (90”) may include opposing
shoulders (91") configured to rest on the first projection (80') when the optical ferrules mate with each
other. The opposing shoulders (91") may further define an air gap (92") therebetween. In other
embodiments, as shown 1in FIGS. 7-9, the second opening (90") may be formed without an air gap and the

second opening (90") may be shaped to conform to the contour of the prismatic first projection (80°), as best

seen 1 FIG. 9.

When the optical ferrule mates with the mating optical ferrule, the first projection (80) of the first
engagement portion of each optical ferrule closely fits within the second opening (90°, 90") of the second
engagement portion of the other optical ferrule. For instance, as shown 1in FIGS. 10 and 12-13, a bottom
surface (93') of the opposing shoulders (91") may be tapered to conform to a corresponding taper (83°)
formed 1n the first projection (80°) of the first engagement portion. In other aspects, as best seen m FIG. 11,
a portion (81') of the first projection (80°) of the first engagement portion of each optical ferrule (100", 2007)
may extend beyond the rear end (221) of the other optical ferrule (100°, 2007). The first projection (80)

closely fits within the second opening (90°, 90”) so as to generate the pressing force for retaining the ferrules
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1in the mated position. The pressing force generated prevents each of the optical ferules from moving relative
to the other optical ferrule along at least mutually orthogonal first (y-axis) and second (z-axis) directions
orthogonal to the length direction of the optical ferrule. During operation, the close fit between the first
projection (80) of each optical ferrule and the second opening (90”) of the other optical ferrule maintains
the optical alignment of the ferrules 1in the mated condition. In other embodiments, 1n addition to preventing
relative movement of the ferrules in the first and second directions, the engagement between the first
projection (80) and the second opening (90") may prevent each of the optical ferules from rotating relative

to the other optical ferrule.

In some other aspects, additional discrete retamers and/or external mechanisms may be assembled
onto the mated ferrules to provide additional pressing force to maintain the mating of the ferrules at a

constant forward and normal force.

Although specific embodiments have been illustrated and described herein, 1t will be appreciated
by those of ordinary skill in the art that a variety of alternate and/or equivalent implementations can be
substituted for the specitic embodiments shown and described without departing from the scope of the
present disclosure. This application 1s mtended to cover any adaptations or variations of the specific
embodiments discussed herein. Therefore, 1t 1s intended that this disclosure be limited only by the claims

and the equivalents thercof .
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Claims

1. An optical ferrule configured to mate with a mating optical ferrule and comprising:

opposing top and bottom major surfaces, the top surface comprising an attachment portion for
receiving and securing one or more optical waveguides, and a light redirecting portion for changing a
direction of light recerved from an optical waveguide received and secured 1n the attachment portion; and

first and second engagement portions disposed at respective front and rear ends of, and integral to,
the optical ferrule and spaced apart along a length direction of the optical ferrule, such that when the optical
ferrule mates with the mating optical ferrule comprising first and second engagement portions disposed at
respective front and rear ends of, and mtegral to, the mating optical ferrule and spaced apart along a length
direction of the mating optical ferrule, the first and second engagement portions of the optical ferrule engage
the respective second and first engagement portions of the mating optical ferrule, thereby preventing cach
of the optical ferules from moving relative to the other optical ferrule along at Ieast mutually orthogonal

first and second directions orthogonal to the length direction of the optical ferrule.

2. The optical ferrule of claim 1, wherein the light redirecting portion changes the direction of light
recerved from an optical waveguide recerved and secured 1 the attachment portion from the length direction
of the optical ferrule to a different direction, wherein the first and second directions are respective width
and thickness directions of the optical ferrule, and wherein the engagement between the first and second
engagement portions of the optical ferrule and the respective second and first engagement portions of the

mating optical ferrule prevents each of the optical ferules from rotating relative to the other optical ferrule.

3. The optical ferrule of claim 1, wherein the first engagement portion of each optical ferrule
comprises a first inclined surface and the second engagement portion of each optical ferrule comprises a
pair of second mclined surtaces spaced apart along a width direction of the optical ferrule, such that when
the optical ferrule mates with the mating optical ferrule, the first inclined surtace of the first engagement
portion of each optical ferrule makes surface contact with each of the second mnclined surfaces of the second

engagement portion of the other optical ferrule.

4. The optical ferrule of claim 1, wherein the first engagement portion of each optical ferrule
comprises a first projection and the second engagement portion of each optical ferrule defines a second
opening, such that when the optical ferrule mates with the mating optical ferrule, the first projection of the
first engagement portion of each optical ferrule closely fits within the second opening of the second
engagement portion of the other optical ferrule, wherein the first projection comprises an inclined surface
and the second opening comprises a pair of second inclined surfaces spaced apart along a width direction
of the optical ferrule, and wherein the second opening comprises opposing shoulders configured to rest on

the first projection, and wherein the opposing shoulders define an air gap therebetween.
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S. The optical ferrule of claim 4, wherein when the optical ferrule mates with the mating optical
ferrule, the first projection of the first engagement portion of each optical ferrule closely fits within the
second opening of the second engagement portion of the other optical ferrule, and wherein a portion of the
first projection of the first engagement portion of each optical ferrule extends beyond the rear end of the

other optical ferrule.

6. The optical ferrule of claim 1 further comprising at least one mating stop mtegral to the optical
ferrule and disposed between the first and second engagement portions, such that when the optical ferrule
mates with the mating optical ferrule, the stop engages a corresponding mating stop of the mating optical
ferrule preventing each of the optical ferules from further moving relative to the other optical ferrule along

the length direction of the optical ferrule.

7. The optical ferrule of claim 4, wherein the first projection tapers from a larger back end to a smaller
front end.
8. An optical ferrule configured to move along a mating direction to mate with a mating optical

ferrule, the optical ferrule comprising an attachment portion for receiving and securing one or more optical
waveguides; and

first and second engagement portions formed integrally with the optical ferrule and spaced apart
from each other along the mating direction, such that when the optical ferrule mates with the mating optical
ferrule comprising first and second engagement portions formed integrally with the mating optical ferrule
and spaced apart from each other along the mating direction, the first and second engagement portions of
the optical ferrule engage the respective second and first engagement portions of the mating optical ferrule,
thereby preventing cach of the optical ferules from moving relative to the other optical ferrule along at least

mutually orthogonal first and second directions orthogonal to the mating direction.

9. The optical ferrule of claim 8, wherein the first and second directions are respective width and
thickness directions of the optical ferrule, wherein the engagement between the first and second engagement
portions of the optical ferrule and the respective second and first engagement portions of the mating optical
ferrule prevents each of the optical ferules from rotating relative to the other optical ferrule, and wherein

the first and second engagement portions are disposed at respective front and rear ends of the optical ferrule.

10. The optical ferrule of claim 8 being hermaphroditic.
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