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(57) Abstract: The present invention provides a multi-fiber fiber optic connector assembly providing articulated force application,
including: a ferrule holder including an x-pivot component and a y-pivot component, wherein the x-pivot component of the ferrule
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ARTICULATED FORCE APPLICATION
FOR MULTI-FIBER FERRULES

BACKGROUND OF THE INVENTION

Field of the Invention
[0001] The present invention relates generally to fiber optic connector assemblies, and
more specifically, to articulated force application systems and methods for multi-fiber
ferrules that take advantage of pivot point and axis selection and ferrule shoulder

locations.

Technical Background of the Invention
[0002] Fiber optic connector assemblies including multi-fiber ferrules are used to
interconnect optical fibers and devices within optical networks. Cable assemblies and
network connection terminals in said networks often include receptacles for receiving
connectors, such as multi-fiber connectors. Receptacles typically include receptacle
housings defining internal cavities that house alignment structure for receiving and
aligning a ferrule within the receptacle to a corresponding ferrule of a fiber optic
connector. In some assembly examples, the alignment structure may assist in the gross

alignment of the ferrules, while guide pins may be used to provide precise alignment.

[0003] As of yet, there is an unresolved need for a multi-fiber fiber optic connector
assembly that minimizes problems associated with off-center force application, which
may load one end of a fiber array more than the other end, ultimately causing some
optical fibers to lose contact (this problem contributed to by the co-planarity deviations
experienced during manufacturing). There is also an unresolved need for a multi-fiber
connector assembly in which force application at the back end of the ferrule does not
magnify small radial forces due to the moment arm caused by the imperfect squareness of
a coil spring (i.e. the side-load component), for example. Alignment issues between the
plug housing and the mating ferrule (i.e. different angles of engagement) may contribute

to this side-load component, as well as misalignment due to manufacturing tolerances.
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Thus, the assembly of the back end of the ferrule is critical in view of the resuiting force
components. Further, the discrete design of a multi-fiber ferrule and boot requires the
handling of two parts and allows for assembly tolerances, potentially leading to improper
epoxy containment, biased alignment, or both. Finally, most current articulated designs
address the x-axis due to the requirements associated with a single-row fiber array. The
y-axis, however, may introduce a significant moment, causing adjoining ferrules to tilt
under load. This is especially critical when applying force management to a multi-row
ferrule, where the outermost row of optical fibers may act as a pivot point and cause the
opposite rows to lose contact. The reduction of overall force and consequential
deformation within a row also reduce the ability to compensate for co-planarity
tolerances. Thus, what is needed is a connector with pivot point, axis selection and
ferrule shoulder locations that addresses force application problems in conventional

connector assemblies.
BRIEF SUMMARY OF THE INVENTION

[0004] In various embodiments, the present invention provides a multi-fiber fiber optic
connector assembly in which ferrules and ferrule holders are “force centered” and
“balanced,” such that the end faces of the mating ferrules are precisely aligned with one
another. In various embodiments, this is accomplished via pivot point and axis selection
and ferrule shoulder locations, as is described in greater detail herein below. The present
invention also provides a multi-fiber connector assembly that utilizes a “bootless” ferrule.
The ferrule of the present invention incorporates a defined attachment point for an
articulated force assembly and a back end extension to aide in optical fiber insertion.
Force application is provided proximate the front and center of the ferrule (i.e. the center
of the fiber array). A “snap” receiving geometry is designed to retain the articulated
force assembly without the need for consumables. The articulated joint utilized as an
attachment for the ferrule provides a spring seat, a hinge in the x-axis, and a centering
mechanism in the y-axis. The centering mechanism in the y-axis minimizes the side-load
component and allows the spring to assume its natural angle, for example. The front

surface of the ferrule becomes the load-bearing surface. Forces are guided towards the
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center of the ferrule in the y-axis by a rib structure. Movement in the y-axis is limited by
the ferrule geometry, providing a relatively defined position in the multi-fiber fiber optic
connector assembly. The hinge in the y-axis allows for movement in the x-axis, reducing
the side-load component. The spring tilt is limited by the cavity that the multi-fiber fiber
optic connector assembly sits in to prevent direct force coupling to the back end of the
ferrule with an excessive out-of-squareness spring. Finally, a pin-keeper may be utilized,

“snapped” over the multi-fiber fiber optic connector assembly and engaging the ferrule.

[0005] In one embodiment, the present invention provides a multi-fiber connector
assembly providing articulated force application, including: a ferrule holder including an
x-pivot component and a y-pivot component, wherein the x-pivot component of the
ferrule holder is operable for providing relative rotational movement about the x-axis of
the multi-fiber fiber optic connector assembly and the y-pivot component of the ferrule
holder is operable for providing relative rotational movement about the y-axis of the
multi-fiber fiber optic connector assembly; a multi-fiber ferrule comprising a plurality of
optical connection points coupled to the ferrule holder; and a biasing member coupled to
the ferrule holder and the multi-fiber ferrule, wherein the biasing member is operable for
transferring a force through the ferrule holder and to the multi-fiber ferrule. Preferably,
the x-axis and the y-axis of the multi-fiber fiber optic connector assembly are
substantially separated in the z direction. The y-pivot component of the ferrule holder is
coupled to the biasing member. The x-pivot component of the ferrule holder is coupled
to the y-pivot component of the ferrule holder. The multi-fiber ferrule is coupled to the
x-pivot component of the ferrule holder. Preferably, the biasing member comprises one
of a coil spring and a wave spring. The assembly also includes a shoulder structure
integrally formed with the multi-fiber ferrule and disposed substantially between the x-
axis of the multi-fiber fiber optic connector assembly and the y-axis of the multi-fiber

fiber optic connector assembly.

[0006] In another embodiment, the present invention provides a multi-fiber fiber optic
connector assembly providing articulated force application, including: a ferrule holder

including an x-pivot component and a y-pivot component, wherein the x-pivot
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component of the ferrule holder is operable for providing relative rotational movement
about the x-axis of the multi-fiber fiber optic connector assembly and the y-pivot
component of the ferrule holder is operable for providing relative rotational movement
about the y-axis of the multi-fiber fiber optic connector assembly; a multi-fiber ferrule
comprising a plurality of optical connection points coupled to the ferrule holder; and a
biasing member coupled to the ferrule holder and the multi-fiber ferrule, wherein the
biasing member is operable for transferring a force through the ferrule holder and to the
multi-fiber ferrule, and wherein the y-pivot component of the ferrule holder is coupled to
the biasing member, the x-pivot component of the ferrule holder is coupled to the y-pivot
component of the ferrule holder, and the multi-fiber ferrule is coupled to the x-pivot
component of the ferrule holder. The x-axis and the y-axis of the multi-fiber fiber optic
connector assembly are substantially separated in the z direction. The biasing member
comprises one of a coil spring and a wave spring. The assembly also includes a shoulder
structure integrally formed with the multi-fiber ferrule and disposed substantially
between the x-axis of the multi-fiber fiber optic connector assembly and the y-axis of the

multi-fiber fiber optic connector assembly.

[0007] In a further embodiment, the present invention provides a method for providing
articulated force application, including: providing a ferrule holder including an x-pivot
component and a y-pivot component, wherein the x-pivot component of the ferrule holder
is operable for providing relative rotational movement about the x-axis of the multi-fiber
fiber optic connector assembly and the y-pivot component of the ferrule holder is
operable for providing relative rotational movement about the y-axis of the multi-fiber
fiber optic connector assembly; providing a multi-fiber ferrule comprising a plurality of
optical connection points coupled to the ferrule holder; and providing a biasing member
coupled to the ferrule holder and the multi-fiber ferrule, wherein the biasing member is
operable for transferring a force through the ferrule holder and to the multi-fiber ferrule.
Preferably, the x-axis and the y-axis of the multi-fiber fiber optic connector assembly are
substantially separated in the z direction. The y-pivot component of the ferrule holder is

coupled to the biasing member. The x-pivot component of the ferrule holder is coupled
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to the y-pivot component of the ferrule holder. The multi-fiber ferrule is coupled to the
x-pivot component of the ferrule holder. Preferably, the biasing member comprises one
of a coil spring and a wave spring. The method also includes providing a shoulder
structure integrally formed with the multi-fiber ferrule and disposed substantially
between the x-axis of the multi-fiber fiber optic connector assembly and the y-axis of the

multi-fiber fiber optic connector assembly.

[0008] It is to be understood that both the foregoing general description and the following
detailed description present exemplary embodiments of the present invention, and
provide an overview or framework for understanding the nature and character of the
invention as it is claimed. The accompanying drawings are included to provide a further
understanding of the invention, and are incorporated into and constitute a part of this
specification. The drawings illustrate various embodiments of the invention, and together
with the detailed description, serve to explain the principles and operations thereof.

Additionally, the drawings and descriptions are meant to be illustrative and not limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The present invention is illustrated and described herein with reference to the
various drawings, in which like reference numbers are used to denote like system

components and/or method steps, as appropriate, and in which:

[0010] FIG. 1 shows perspective views of one embodiment of a connector assembly
including a ferrule incorporating an x-pivot, a ferrule holder incorporating a

corresponding x-pivot and a y-pivot, a spring, and ferrule guide pins.

[0011] FIG. 2 is a transparent cut-away perspective view of the ferrule of FIG. 1,
highlighting the area of force application and including an integrated boot.

[0012] FIG. 3 is a perspective view of the ferrule of FIGs. 1 and 2 including a bearing
surface.

[0013] FIG. 4 is another perspective view of the ferrule of FIGs. 1 and 2 including a
pivot guide.
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[0014] FIG. 5 is an exploded perspective view of the connector assembly of FIG. 1

including a pin-keeper.

[0015] FIG. 6 is a cut-away perspective view of the ferrule of FIGs. 1 and 2 highlighting

the resulting force.

[0016] FIG. 7 is a perspective view of the ferrule holder of FIG. 1 highlighting the area

of force application and including a plurality of hinged snaps and a spring seat

[0017] FIG. 8 is a series of planar side views of the connector assembly of FIG. 1

highlighting the resulting force.

[0018] FIG. 9 is a graph illustrating the force distribution per fiber vs. offset of force

normal obtained via the connector assembly of FIG. 1.
[0019] FIG. 10 is a series of planar side views of the connector assembly of FIG. 1.

[0020] FIG. 11 is exploded and assembled perspective views and partial cross-sectional

side and top views of the connector assembly of FIG. 1.

[0021] FIG. 12 is exploded and assembled perspective views and partial cross-sectional

side and top views of the connector assembly of FIG. 1 including a housing and dust cap.
DETAILED DESCRIPTION OF THE INVENTION

[0022] In various embodiments, the present invention provides a multi-fiber fiber optic
connector assembly in which the ferrules and ferrule holders are “force centered” and
“balanced,” such that the end faces of the ferrules are precisely aligned with one another.
This is accomplished via pivot point and axis selection and ferrule shoulder locations, as
is described in greater detail herein below. The present invention also provides a multi-
fiber fiber optic connector assembly that utilizes a “bootless” ferrule. The ferrule of the
present invention incorporates a defined attachment point for an articulated force
assembly and a back end extension to aide in optical fiber insertion. Force application is
provided proximate the front and center of the ferrule (i.e. the center of the fiber array).
A “snap” receiving geometry is designed to retain the articulated force assembly without

the need for consumables. The articulated joint utilized as an attachment for the ferrule
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provides a spring seat, a hinge in the x-axis, and a centering mechanism in the y-axis.
The centering mechanism in the y-axis minimizes the side-load component and allows
the coil spring to assume its natural angle, for example. The front surface of the ferrule
becomes the load-bearing surface. Forces are guided towards the center of the ferrule in
the y-axis by a rib structure. Movement in the y-axis is limited by the ferrule geometry,
providing a relatively defined position in the multi-fiber fiber optic connector assembly.
The hinge in the y-axis allows for movement in the x-axis, reducing the side-load
component. The spring tilt is limited by the cavity that the multi-fiber fiber optic
connector assembly sits in to prevent direct force coupling to the back end of the MT
ferrule with an excessive out-of-squareness spring. Finally, a pin-keeper may be utilized,
“snapped” over the multi-fiber fiber optic connector assembly and engaging the ferrule.
Other force centering connector assemblies are described in co-pending U.S. Patent
Application Serial No. 11/449,237, filed on June 8, 2006, and entitled “Fiber Optic
Connector for Applying Axial Biasing Force to Multifiber Ferrule,” as well as co-
pending U.S. Patent Application Serial No. 11/546,232, filed on October 11, 2006, and

entitled “Connector Assembly having Multi-Fiber Ferrule with Force Centering”.

[0023] Referring to FIG. 1 (see also FIG. 10), the multi-fiber fiber optic connector
assembly 10 of the present invention includes a ferrule holder 12 consisting of an x-pivot
component and a y-pivot component 16. The x-pivot component 14 “snappingly” and/or
pivotably engages the y-pivot component 16 and is allowed to pivot several degrees
about the y-axis of the multi-fiber fiber optic connector assembly 10. A ferrule 18
“snappingly” and/or pivotably engages the x-pivot component 14 and is allowed to pivot
several degrees about the x-axis of the multi-fiber fiber optic connector assembly 10.
Preferably, these x-axis and y-axis pivot points are not co-planar in the z direction. A
spring 20, also referred to herein as a “biasing member”, such as a coil spring, a wave
spring or the like engages the y-pivot component 16 of the multi-fiber fiber optic
connector assembly 10 and one or more optical fibers 22 pass therethrough to engage the
ferrule 18, optically coupling the one or more optical fibers 22 and the ferrule 18. A

plurality of ferrule guide pins 24 are utilized to mechanically align mating ferrules.
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[0024] In the above configuration, force is provided by the spring 20 and is transferred to
the y-pivot component 16, the x-pivot component 14, and, eventually, the ferrule 18.
Squareness problems associated with the face of the ferrule 18 are compensated for by
the hinged joints joining the y-pivot component 16, the x-pivot component 14, and the
ferrule 18. By allowing the end portion of the spring 20 to assume its natural orientation,
the transmitted torque is minimized. Advantageously, the force is applied to the front
portion of the ferrule 18, thus reducing the resulting moment arm of any off-center force,
about both the x-axis and the y-axis. For example, the resulting moment arm about the
critical x-axis is reduced by more than about 8 mm (80%) and the possibility of applying

excessive off-axis force is greatly reduced.

[0025] Referring to FIGS. 2-4, the ferrule 18 of the present invention may be a ferrule
having multiple rows of multiple optical fibers each, and that accommodates multiple
stacks of optical fibers arranged in a ribbon or individual fibers, for example. Thus, the
ferrule 18 presents a fiber array. The ferrule 18 includes a plurality of bores 26 disposed
therethrough for receiving the guide pins 24. The top and bottom surfaces of the ferrule
18 each include a recessed pivot guide 28 and pivot depression 30 that, when engaged
with the x-pivot component 14 (FIG. 1) of the ferrule holder 12 (FIG. 1), form an
articulated force-transfer mechanism. Specifically, the area of force application is a
bearing surface 32 manufactured into the front portion of the pivot depression 30 of the
ferrule 18. The shoulder 34 of the ferrule 18 is located in an industry-standard position
on the surface of the ferrule 18, such that the ferrule 18 of the present invention is
interchangeable with conventional ferrules. The shoulder 34 of the ferrule 18 is,
however, reduced in height, such that the lower overall moment arm of the ferrule 18 is
reduced. The ferrule 18 includes an extension component 36 that is configured to receive
and guide the one or more optical fibers 22 (FIG. 1) that are optically coupled to the
ferrule 18. Advantageously, this extension component 36 replaces a conventional boot
and provides increased area for epoxy retention. The guiding of the one or more optical

fibers 22 is assisted by reduced cavity dimensions, aiding in fiber ribbon alignment.
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[0026]) FIG. 5 illustrates the multi-fiber connector assembly 10 in an exploded
configuration (see also FIG. 11). Of note, the spring 20 engages a spring seat 38 that is
manufactured into the y-pivot component 16 of the ferrule holder 12 and, optionally, a
pin-keeper 40 is “snapped” over the ferrule 18, engaging and retaining the guide pins 24.
This “snap-in” configuration allows for the components of the connector assembly 10 to
be assembled without the need for glue and/or fixtures. The ferrule 18 is first “snapped”
into the x-pivot component 14, forming a hinge. Optionally, the pin-keeper 40 is
installed at this time. The x-pivot component 14 is then “snapped” into the y-pivot
component 16, forming another hinge. Finally, the spring 20 secures the fit of the
articulated joint. Both the spring 20 and the guide pins 24 are installed after ferrule
polishing.

[0027] FIG. 6 illustrates the resulting force experienced by the ferrule 18 and FIG. 7

illustrates the pivot points associated with the ferrule holder 12.

[0028] FIG. 8 illustrates the spring force 50, force path 52, force result 54, and footprint
56 in the optical plane associated with both the x-axis and the y-axis of the multi-fiber
fiber optic connector assembly 10 (FIG. 1) of the present invention. It is instructive to
note that the articulated force application systems and methods of the present invention

significantly reduce the footprint 56 as compared to conventional systems and methods.

[0029] FIG. 9 illustrates the force distribution per fiber vs. offset of force normal
obtained via the multi-fiber fiber optic connector assembly 10 (FIG. 1) of the present

invention.

[0030] Referring to FIG. 12, the multi-fiber fiber optic connector assembly 10 of the
present invention also includes a housing 60 and alignment structure within or integral
with the housing 60. Optionally, the ferrule 18 of the present invention incorporates a
plurality of blind holes (not illustrated) that are configured to receive a plurality of guard
or “dummy” fibers (not illustrated), such as a plurality of 250 pm guard fibers or the like.
Advantageously, these guard fibers, disposed near the edges of the end face of the ferrule

18, ensure that all optical fibers are polished evenly, for example, providing “buffer”
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fibers near the edges of the ferrule 18. In addition, the guard fibers assist the end faces in
touching with proper force when mated by keeping the overall optical fiber count
relatively high and absorb undesirable optical fiber movement. Conventional multi-fiber
fiber optic connector assemblies may use the same spring force for optical fiber counts
ranging from 2 to 24 optical fibers. At higher optical fiber counts, the per fiber optical
fiber loading is minimized. Below around 8 optical fibers, the loading becomes such that
undesirable optical fiber movement may take place. Thus, a relatively high overall
optical fiber count is desirable. The guard fibers may also consist of steel fibers, fused

quartz fibers, sapphire fibers, etc.

[0031] The end face of the ferrule 18 of the present invention may have a variety of
configurations. For a ferrule accommodating stacked fiber ribbons, extra columns of
guard fibers may be added along the edges of the rows of optical fibers. The optical
fibers are 180 pm or 250 pm coated optical fibers, for example, with 180 um or 250 pm
horizontal and vertical spacing, for example. For a ferrule accommodating partitioned
fiber ribbons, extra columns of guard fibers may be added along the edges of the rows of
optical fibers. The optical fibers are 180 um or 250 pm coated optical fibers, for
example, with 180 pm or 250 um horizontal spacing and greater than 180 um or 250 pm
horizontal spacing, for example. For a ferrule accommodating partitioned fiber ribbons,
extra columns of guard fibers may be added along the edges of the rows of optical fibers
and additional guard fibers may be added in the corners of the rows of optical fibers. The
optical fibers are 180 pm or 250 pm coated optical fibers, for example, with 180 pum or
250 pm horizontal spacing and greater than 180 um or 250 um horizontal spacing, for
example. For a ferrule accommodating stacked or partitioned fiber ribbons, extra
columns of guard fibers may be added along the edges of the rows of optical fibers and
blind holes for add-in glass bumpers may be added in the corners of the end face of the
ferrule 18. The optical fibers are 180 pm or 250 um coated optical fibers, for example,
with 180 pm or 250 pm horizontal spacing and greater than or equal to 180 um or 250

um horizontal spacing, for example.

10
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[0032] The rear portion of the ferrule 18 of the preseht invention may include a plurality
of substantially horizontal partitions (not illustrated) for dividing and holding the
partitioned stack of optical fiber ribbons. These may be 100 pm or 200 pm partitions, for

example.

[0033] Likewise, the rear portion of the ferrule 18 of the present invention may also
include a fin structure (not illustrated) that is configured to receive, retain, and protect the
stacked ribbons. Specifically, the fin structure is configured to protect the guide pin holes
of the ferrule 18 from epoxy infiltration during stacked ribbon insertion and fixturing.
The end face of the ferrule of the present invention may further include one or more

bumper features (not illustrated) or the like.

[0034] Although the present invention has been illustrated and described herein with
reference to preferred embodiments and specific examples thereof, it will be readily
apparent to those of ordinary skill in the art that other embodiments and examples may
perform similar functions and/or achieve like results. All such equivalent embodiments
and examples are within the spirit and scope of the present invention and are intended to

be covered by the following claims.

11
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What is claimed is:

1. A multi-fiber fiber optic connector assembly providing articulated force
application, comprising:

a ferrule holder comprising an x-pivot component having a first through passage
and a y-pivot component having a second through passage in communication with the
first through passage, wherein the x-pivot component of the ferrule holder is operable for
providing relative rotational movement about the x-axis of the multi-fiber fiber optic
connector assembly and the y-pivot component of the ferrule holder is operable for
providing relative rotational movement about the y-axis of the multi-fiber fiber optic
connector assembly;

a multi-fiber ferrule comprising a plurality of optical connection points coupled to
the ferrule holder; and

a biasing member coupled to the ferrule holder and the multi-fiber ferrule,
wherein the biasing member is operable for transferring a force through the ferrule holder

and to the multi-fiber ferrule.

2. The multi-fiber fiber optic connector assembly of claim 1, wherein the y-pivot

component of the ferrule holder is coupled to the biasing member.
3. The multi-fiber fiber optic connector assembly of claims 1 or 2, wherein the x-
pivot component of the ferrule holder is coupled to the y-pivot component of the ferrule

holder.

4. The multi-fiber fiber optic connector assembly of claims 1-3, wherein the multi-

fiber ferrule is coupled to the x-pivot component of the ferrule holder.

5. The multi-fiber fiber optic connector assembly of claim 1-4, further comprising a

shoulder structure integrally formed with the multi-fiber ferrule and disposed

12
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substantially between the x-axis of the multi-fiber fiber optic connector assembly and the

y-axis of the multi-fiber fiber optic connector assembly.

6. The multi-fiber fiber optic connector assembly of claims 1-5, wherein the x-pivot
component of the ferrule holder and the y-pivot component of the ferrule holder act
cooperatively to minimize the torque force experienced by the face of the multi-fiber

ferrule.
7. The multi-fiber fiber optic connector assembly of claims 1-6, wherein the x-axis
and the y-axis of the multi-fiber fiber optic connector assembly are substantially

separated in the z direction.

8. The multi-fiber fiber optic connector assembly of claims 1-7, wherein the biasing

member comprises one of a coil spring and a wave spring.

13
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