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System and method for coupling and redirectingcaptnergy between two optical
waveguides oriented at a predetermined angle

Abstract

An optical waveguide coupler can be adjusted irfild and can couple and redirect optical
energy leaving a first optical waveguide orientea ifirst position into a second optical
waveguide oriented in second position differentrfrile first position. The optical coupler can
maximize the optical energy transfer between twitcapwaveguides, while minimizing any
back reflection or other optical return losses. ©h&cal coupler provides an automatic core-to-
core alignment of optical waveguides in free sgacasing aspherically shaped lenses with
predetermined prescriptions in combination witleféeccting device that is accurately positioned
between the two lenses.
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CROSS REFERENCE TO RELATED APPLICATION

This application is a divisional of and claims pitpto U.S. application Ser. No. 10/126,914,
filed Apr. 19, 2002, now U.S. Pat. No. 6,636,66&jteed "System and Method for Coupling and
Redirecting Optical Energy Between Two Optical Waides Oriented at a Predetermined
Angle," the entire contents of which are incorpedaby reference.

Claims

What is claimed is:

1. A method for coupling and redirecting opticategy between two optical waveguides
oriented at a predetermined angle relative to e#loér, comprising the steps of: receiving
optical energy from a first optical waveguide (1525panding the received optical energy into
a collimated beam of optical energy with a firgbtaerical lens (1525); propagating the
collimated beam towards a reflecting device (158&]jrecting the collimated beam with the
reflecting device at a predetermined angle (15f8&)sing the reflected and collimated beam to
a size appropriate for a second optical waveguidle assecond aspherical lens (1540); and
propagating the focused optical energy away froenhibusing in the second optical waveguide
(1545).

2. The method of claim 1, further comprising thepstof: forming a liquid impervious and beat
tolerant optical coupler by: attaching the firstiogl waveguide to a first connector (1505);



attaching the second optical waveguide to secondexior (1505); attaching the first and
second connectors to a housing (1507); attachfirgtacover to the housing ( 1510); and
attaching a second cover to the housing (1515).

3. The method of claim 1, further comprising thepstof: forming a liquid impervious and heat
tolerant optical coupler by: coupling first and @ed connectors to a housing (1505); snapping a
first cover to the housing (1510); and snappinga@rd cover to the housing (1515).

4. The method of claim 1, wherein the step of esting the collimated beam with the reflecting
device at a predetermined angle further compriséisacting the collimated beam with a mirror.

5. The method of claim 1, wherein the step of exting the collimated beam with the reflecting
device at a predetermined angle further compriséisacting the collimated beam at an angle
comprising approximately ninety degrees.

6. A method for redirecting optical energy betwé&a optical waveguides, comprising:
collimating a beam of optical energy from a firptioal waveguide with a first aspherical lens;
directing the beam towards a reflector; changimgddion of the beam with the reflector at a
predetermined angle; sizing the beam with a seaespterical lens to a size appropriate for a
second optical waveguide; and directing the beaaydvm the second aspherical lens in the
second optical waveguide.

7. The method of claim 6, further comprising: fongia liquid impervious and heat tolerant
optical coupler by attaching the first optical wgugle to a first connector and attaching the
second optical waveguide to a second connector.

8. The method of claim 7, further comprising: dtiag the first and second connectors to a
housing; attaching a first cover supporting théebr to the housing; and attaching a second
cover to the housing.

9. The method of claim 6, wherein changing thedtiioa of the beam with the reflector at a
predetermined angle further comprises changinglitteetion of the beam with a mirror.

10. The method of claim 6, wherein changing thedlion of the beam with the reflector at a
predetermined angle further comprises changinglitieetion of the beam with a mirror that
comprises a reflectivity of less than one-hundrectent.

11. The method of claim 6, wherein changing thedlion of the beam with the reflector at a
predetermined angle further comprises changinglitieetion of the beam with a mirror that
comprises at least one reflective side.

12. The method of claim 6, wherein changing ditettf the beam with the reflector at a
predetermined angle further comprises redirectiegoieam at an angle comprising
approximately ninety degrees.

Description



TECHNICAL FIELD

The present invention relates to optical structuvsre specifically, the present invention relates
to a system and method for coupling and redirectistical energy between two optical
waveguides oriented at a predetermined angle velédieach other, such as an angle having a
magnitude of ninety degrees.

BACKGROUND OF THE INVENTION

Communication networks rely on optical networks$remsmit complex communication data,
such as voice and video traffic. This voice anceuitraffic propagated over the optical network
usually takes the form of high frequency opticghsils that have a relatively high bit rate.

To support these high frequency optical signalsicapnetworks typically comprise a large
volume of fiber optic cables that extend over loigjances. Because the fiber optic cables
extend over long distances, these cables usuatiyuerter obstacles or redirection that are
common with any utility line. In other words, thiedr optic cables of optical networks can be
routed under streets and highways with multiplestsyiturns, and junctions. The fiber optic
cables also can extend between buildings in aboweng supporting environments, such as
between telephone poles that have several changi®ction.

In many of these routing situations, the fiber optbles are directed at various angles relative to
the origination or starting point of the fiber aptiable. To change direction or to connect a fiber
optic cable to another fiber optic cable, an openaknown as splicing can be performed to
connect fiber optic cables together.

The splicing of fiber optic cables can be a tediang time-consuming process. For example,
splicing fiber optic cables is similar to handlicables with diameters that approach the diameter
of a human hair. For a typical splice of a fibetiopable, two separate fiber optic cables are cut.
Next, their ends are polished and then their enels@nmpressed together.

While the ends are compressed together, it is sacg$or the geometric center of these human
hair-size cables to be properly aligned. If thesean hair-like fiber optic cables are not
properly aligned, substantial losses in optical @oean occur at the splice. In other words,
optical energy leaving one fiber optic cable is canpletely transferred into the other fiber
optic cable because of the misalignment of ther fdpic cables relative to each other.

After splicing, the junction or splice can be pldae one of several different types of protective
enclosures to protect the splice from exposuretarenmental effects. For example, the splice
can be placed within a splice box, a conduit, dhiwia breakout panel. These protective
enclosures can be placed in a manhole, in a peédesia drop points adjacent to the subscribers
of the optical network. Protecting splices with lesares demonstrates that splicing of fiber
optic cables can be a costly and time consuminggs®that does not guarantee optical coupling



efficiency.

In addition to the problems associated with spgjciiber optic cables cannot be bent at very
large angles such as ninety degrees without soffemiibstantial optical power losses. To prevent
such power losses, fiber optic cables are gradwallted around the obstacles at angles
substantially less than ninety degrees. The gradwdihg of fiber optic cables requires an even
distribution of the weight for the additional caloleeded to make this cable routing.

The gradual routing can also relieve the physittakses within a fiber optic cable that are
associated with the bending of the fiber optic eailthese gradual angles. Stress caused by the
gradual routing of a fiber optic cable should b@imized in order to eliminate micro-bending.
Micro-bending can cause greater losses at longarabpvavelengths, such as the optical
wavelengths that support dense wavelength divisialtiplexing.

The gradual routing of fiber optic cables at anglaisstantially less than ninety degrees around
objects is usually referred to as a wide bendingusatechnique. Another major drawback of
larger bending techniques, in addition to the protd of stress and the amount of cable to
perform the operation, is that such techniquesiregusubstantial amount of space. To alleviate
the problems of fiber optic cable splice connediand wide bending radius techniques, optical
connectors have been proposed to couple one fiiiEr @able oriented in a first direction and a
second fiber optic cable oriented in a second tloecHowever, conventional optical connectors
are usually permanent in nature, meaning that adprgs to the connector and any optics
contained in the connector cannot be made duristgliation in the field. If there are any
problems with the optics contained within the carti@al optical connector, the connector
usually must be discarded instead of repaired heurtf any adjustments to the optics within the
optical connector are necessary, such adjustmantsot be made in the field since the
connectors are typically designed to permanenttyase or house the optics contained therein.

Another drawback of conventional optical connectsithat very few of these conventional
optical connectors can withstand the harsh oper&invironments of optical cables. For
example, optical connectors can be exposed totkigperatures as well as fluids for certain
applications. The optical connectors must be abigithstand harsh temperatures and to keep
out any fluids that may come in contact with theefioptic cables and the connector.

Accordingly, there is a need in the art for a systend method for coupling and redirecting
optical energy between two optical waveguides ¢ei@mat a predetermined angle relative to each
other. There is also a need in the art for a systethmethod for coupling and redirecting optical
energy between two optical waveguides that peratijgsstments to the optics housed in the
optical coupler while in the field or operating @wnment. In other words, there is a need in the
art for an optical coupler that has fielded adjolgtaptics to permit the adaptation of the optical
coupler to various types and sizes of optical wales.

Further, there is also a need in the art for arcalptoupler that is impervious to any liquids that
are present in the operating environment of theaptouple and optical waveguides. There is
also a need in the art for optical couplers thatwahstand harsh operating environments where
the optical coupler can be subjected to high teatpess.



A further need exists in the art for optical couplthat employ optical waveguide connectors
that can comprise the size and dimensions of apyobmdustry standard connectors known in
the art. There is also a need in the art for opticaplers that can meet or exceed industry
standards for optical connectors.

Additionally, the need exists in the art for opticauplers that can maximize the optical energy
transfer between two optical waveguides, while mining any back reflection or other optical
return losses. There is also a need in the adggdbcal couplers that provide automatic core-to-
core alignment of optical wave guides in free sp&cether, there is also a need in the art for
optical couplers that can provide a junction orresetion point between different types of optical
waveguides, such as single mode optical fibereptical waveguides, such as multi-mode
optical fibers.

SUMMARY OF THE INVENTION

The present invention is generally drawn to a systad method for coupling and redirecting
optical energy between two optical waveguides ¢oei@mat a predetermined angle relative to each
other. More specifically, the present inventionypdes an optical waveguide coupler that can be
adjusted in the field and which can couple andreadioptical energy from a first optical
waveguide oriented in a first position into a setoptical waveguide oriented in second

position different from the fist position. That the optical waveguide coupler according to one
exemplary aspect of the present invention can benalsled and readjusted while in its operating
environment, outside of any typical manufacturingieonment.

There are at least two features of the presenhitorethat make this system and method for
coupling and redirecting optical energy between dpwbtical waveguides a substantial
improvement over the art: 1) the mechanical progedf the optical coupler; and 2) the discrete
optics that are positioned within the connectordnog and connectors. Regarding the
mechanical properties of the optical coupler, th&cal coupler can comprise a connector
housing in one exemplary embodiment that can beerfrath metal. Exemplary metals include,
but are not limited to, steel, copper, nickel, lomanum. The material for the housing is usually
selected such that its coefficient of expansidess than the coefficient of expansion for thet firs
cover or second cover or both. The connector hgusam also be made from polycarbonate
material, such as a polycarbonate material sol@wutiek tradename DELRIN. Although the
connector housing can take the form of a cube streicother shapes of the connector housing
are not beyond the scope of the present invention.

A first cover that attaches to the connector hayisimd supports a mirror positioned within the
connector housing can be made from a polycarbanaterial, such as a polycarbonate material
sold under the tradename DELRIN. Alternativelyamother inventive aspect, the first cover can
be made from a composite ceramic material, suehcasamic material sold under the tradename
ALLTEMP. A second cover, opposing the first covago attaches to the connector housing and
can be made from the same materials as the fivetrco

The first cover and second cover can have a steqgggoh for contacting walls of the connector



housing such that the first and second covers ttachato the connector housing with a snapped
fit. More specifically, the first and second coveas have a coefficient of thermal expansion
relative to the coefficient of thermal expansiortlad connector housing such that the first and
second covers expand at a more rapid rate relatigay expansion of the connector housing.

The "snapped-fit" of the first and second covers @éow the optical waveguide coupler of the
present invention to be field adjustable, unlikgistand permanent optical connectors of the
prior art. Further, this "snap-fit" between the emvand the connector housing can also make the
optical coupler impervious to penetration by amyids that are present outside of the optical
coupler. In other words, the first and second cewan form a waterproof or airtight seal with

the connector housing. While the first and secanetrs snap together to form this seal, the
covers can also be removed after assembly suclthihaiptics within the connector housing can
be adjusted.

The connectors that attach the optical waveguidléiset connector housing can also be made
from polycarbonate material, sold under the traden®ELRIN. In another inventive aspect, the
connectors can be made from a composite ceramerialatold under the tradename
ALLTEMP. In addition to supporting the optical wayedes, the connectors can also support
and hold one or more discrete optics in predetezthand precise positions. For example, the
connectors can support lenses that focus the dptiesgy propagating through the optical
waveguides.

The connectors can comprise dimensions of any bimelostry standard connectors known in
the art. For example, the connectors can compeisalé connectors (FC) that have a threads for
a screw-type connection between the connector hgusid the connectors. In another inventive
aspect, the connectors can comprise subscribeectors (SC) that have a square bayonet snap
connection. Alternatively, the connectors can casgplucent connectors (LC). Other connector
types include fiber distribution data interface (Hpand straight tip (ST) connectors.

The materials selected for the connector housirgl,&nd second covers, and connectors can
allow the optical coupler to withstand harsh opaaenvironments. For example, the optical
coupler could be subjected to high temperaturedymed from either the surrounding
environment or the optical energy transferred betwtbe optical waveguides or both. More
specifically, the materials selected for the conmelousing, first and second covers, and
connectors can allow the optical coupler to withdthigh temperatures, such as between -80
degrees Celsius and +85 degrees Celsius.

Because the optical coupler can withstand wideesmg temperature as remain impervious to
liquids outside the optical coupler, the opticalgler can usually meet or exceed several
industry standards for optical connectors, sucBEISLCORE standards. Further, the size and
shape of the optical coupler and the snap-fit coadow this device to be easily manufactured
compared to other optical connectors that requerenpnent fasteners, such as welds and
adhesives.

While the mechanical features of the present ingangrovide significant advantages over the
prior art, the discrete optics supported by theneators and the connector housing also provide



additional advantages. The optical coupler can mepa the optical energy transfer between two
optical waveguides while minimizing any back refien or other optical return losses. The
optical coupler can maximize optical energy tranbftween optical waveguides disposed at an
angle by providing core-to-core alignment of ogtiwwaveguides in free space.

For one aspect of the invention, the optical cougda provide a junction or connection point
between optical waveguides, such as single modeabfibers that are positioned at a
predetermined angle, such as ninety degrees vel@tieach other. For another inventive aspect,
the optical coupler can provide a junction or cartio® point between optical waveguides such
as multimode optical fibers also positioned atedptermined angle, such as ninety degrees,
relative to eachother. Those skilled in the arbgegze that the optical coupler can be scaled or
sized depending upon the type and size of theaptiaveguides being coupled together.

As noted above, the optical coupler can comprifsestacover that supports a mirror. This mirror
can comprise a one-hundred percent mirror thagetflor redirects optical energy received from
one optical waveguide into another optical wavegukebr one aspect of the invention, the
mirror can comprise a triangularly shaped solid menthat is held in position by a support
mechanism that is part of the first cover.

The mirror of the optical coupler forms only a pontof the inventive optical system. The other
parts of the optical system can comprise at le@astieénses that are supported or precisely
positioned by the two connectors. Each lens corapias aspherically shaped lens that has a
planar side and a convex side. The convex sidadf aspherically shaped lens can have a
prescription that maximizes the collection and mection of optical energy. The prescription of
each lens is a function of the optical coupler dimens and a function of the optical waveguide
dimensions and type.

Each convex side of each lens can face the ingittee@onnector housing, while each planar
side of each lens can be positioned to face thealpraveguide. In this way, for a first
aspherical lens, substantially all of the optigargy that exits a first optical waveguide in a
dispersion cone of a predetermined angle can enebdéd by the first aspherical lens and then
redirected or reflected by the mirror.

The optical energy that is reflected from the nrican be propagated into a second aspherical
lens where the convex side of the second asphégitsican focus the collimated optical energy
into a focal point that can correspond directlyhwatcentral region of a second optical
waveguide. The focused optical energy can therrdygagated away from the second aspherical
lens in the second optical waveguide. In this vilag,optical coupler can maximize the optical
energy transfer between two optical waveguidesemhinimizing any back reflection or other
optical return losses. The optical coupler can maze optical energy transfer between optical
waveguides disposed at an angle by providing amnaatic core-to-core alignment of optical
waveguides in free space that is dependent onrdoesp positioning of the lenses in each
connector, the position of the reflecting devicéhiea housing, and the positions of each
connector relative to the housing.

According to an alternate aspect of the presemrinen, the optical system can comprise a solid



member that includes the aspherical lenses couplda mirror. In other words, the optical
system can comprise a single member that has pieasal lenses and the mirror connected or
bonded together. The single member and lensesecarabde from an optical grade
polycarbonate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an assembly diagram of core componenés aptical coupler constructed in
accordance with an exemplary embodiment of thegptasvention.

FIG. 2 is an elevational view of an optical cougenstructed in accordance with an exemplary
embodiment of the present invention.

FIG. 3A is a side view of an optical coupler counsted in accordance with an exemplary
embodiment of the present invention.

FIG. 3B is a cross-sectional view of the exemplgstical coupler illustrated in FIG. 3A.

FIG. 4 is an isometric view of a connector housarcgording to an exemplary embodiment of the
present invention.

FIG. 5A is an isometric view of an exemplary coupleat attaches to a connector housing
according to an exemplary embodiment of the preseention.

FIG. 5B is a side view of the exemplary cover iflaged in FIG. 5A.
FIG. 5C is an elevational view of the exemplaryeolustrated in FIG. 5A.

FIG. 6A is an isometric view of a cover that sugp@ mirror that attaches to a connector
housing according to one exemplary embodiment@ptiesent invention.

FIG. 6B is an elevational view of the exemplary @oMustrated in FIG. 6A.
FIG. 6C is a cross-sectional view of the exemptaryer illustrated in FIG. 6B.

FIG. 7A is an elevational view of a connector camsied in accordance with an exemplary
embodiment of the present invention.

FIG. 7B is a cross-sectional view of the exemptargnector illustrated in FIG. 7A.
FIG. 7C is an isometric view of the exemplary cattoeillustrated in FIG. 7A.
FIG. 7D is a side view of the exemplary connedlosirated in FIG. 7A.

FIG. 8 illustrates optical ray tracing of opticalezgy coupled between two optical sources
according to an optical coupler of an exemplary edimnent of the present invention.



FIG. 9 is an elevational view of an optical systemmprising optical waveguides according to an
exemplary embodiment of the present invention.

FIG. 10 illustrates a Gaussian effect of opticargy coupled and focused by the lens structures
of one exemplary embodiment of the present inventio

FIG. 11 illustrates an exemplary lens structure itcludes anti-reflective coatings to
compensate for optical energy incident at anglésaiter relative to the lens structure
according to an alternative exemplary embodimehefpresent invention.

FIG. 12 illustrates a unitary optical system acaggdo an alternative exemplary embodiment of
the present invention where the optical system c¢@®p a solid member that includes lenses and
a mirror.

FIG. 13 illustrates yet another exemplary unitgpjical system according to an alternative
exemplary embodiment of the present invention whiggeoptical system comprises a solid
member that includes lenses and a Mirror.

FIG. 14 is a logic flow diagram illustrating a methfor coupling and reorienting optical energy
between optical waveguides disposed at a predetethangle according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

Referring now to the drawings, in which like nunien@present like elements throughout the
several figures aspects of the present inventidhanllustrative operating environment will be
described.

FIG. 1 is an assembly diagram of an exemplary apticupler 100 according to the exemplary
embodiment of the present invention. The opticalpter 100 can comprise a connector housing
102, a first cover 106, and a second cover 104.optieal coupler 100 may further comprise a
first connector 108 and a second connector 110.

The connector housing 102 can take the form ofbedtshaped structure. However, other
shapes of the connector housing 102 are not betyanscope of the present invention. For
example, the connector housing 102 could takedima bf a circular, triangular or rectangular
shape. The connector housing 102 can be made fretad.rExemplary metals include, but are
not limited to, steel, copper, nickel, or aluminurhe material for the connector housing 102 is
usually selected such that its coefficient of exgiam is less than the coefficient of expansion for
the first cover 106 or second cover 104 or both.

In a preferred exemplary embodiment, the conndatasing 102 is made from metal in order to
properly engage with the first and second cove6s 104 as will be discussed below. The
connector housing 102 in one exemplary embodimamte made from metal. Exemplary
metals include, but are not limited to, steel, @ppickel, or aluminum. The material for the



housing is usually selected such that its coeffictd expansion is less than the coefficient of
expansion for the first cover 106 or second cowér dr both. The connector housing 102 in
another exemplary embodiment can also be madedrpalycarbonate material, such as a
polycarbonate material sold under the tradenameRIELOther materials for the connector
housing are not beyond the scope and spirit optBsent invention.

The connector housing 102 further comprises apestlit2 for receiving the first and second
connectors 108, 110. The apertures 115 are aligntech reflecting device 114, as will be
described in further detail in the Figures beloWweTonnector housing 102 further comprises
connection openings 112 for receiving fasteninghmasms such as screws 116. The
connection openings 112 may comprise threads ierdaodengage with the fastening
mechanisms 116. The fastening mechanisms 116 dttactonnectors 108 and 110 to the
connector housing 102. However, those skilled enatt recognize that other fastening or
attachment mechanisms for coupling the connectas 110 to the connector housing 102 are
not beyond the scope of the present inventionekample, other fastening or attachment
mechanisms could include, but are not limited tdtsband nuts, adhesives, and other like
fastening or attachment mechanisms that permiteim®val of the connectors 108, 110 relative
to the connector housing 102. Reference numerd&si&mote relative positions of lens 300 (not
shown in FIG. 1) that will be discussed in furtkdetail below.

The first cover 106 attaches to the connector Imgus02 and supports the reflecting device 114
that can be positioned within a central portiohaf connector housing. The first cover 106 can
be made from a polycarbonate material, such apdlyearbonate material mentioned above
sold under the tradename DELRIN. Alternativelyaimother exemplary embodiment, the first
cover 106 can be made from a composite ceramicri@atguch as a ceramic material sold under
the tradename ALLTEMP. However, those skilled ia #nt will appreciate that other materials
for the first and second covers 106, 104 are npbte the scope of the present invention. Other
materials include, but are not limited to, acrgitd polycarbonate resin.

The first cover 106 further comprises a step redidd that can be designed to contact one or
more of the walls of the connector housing 102 ghahthe first cover 106 can attach to the
connector housing 102 with a snapped fit. The Goster 106 further comprises an alignment
mechanism 122 that supports the reflecting deviekid a central portion of the connector
housing 102. The alignment mechanism 122 furthermeses a block structure that has an
aperture or cutout portion 124 for receiving a porof the reflecting device 114. However, the
present invention is not limited to the block sture with the aperture 124 shown in the Figures.
Other alignment mechanisms 122 can include, bunairémited to, brackets, a large volume of
adhesive, tape fasteners, and other similar stegtu

The aperture 124 of the alignment device 122 hitidseflecting device 114 in a predetermined
position that is aligned with the geometric centdrghe connectors 108, 110 when the first
cover 106 is attached to the connector housing BEO2her details of the first cover 106 will be
described below with respect to FIG. 6.

The second cover 104 also includes a step regidr{rid@ shown in FIG. 1 but shown in FIG. 5).
The second cover 104 also comprises an alignmecitanesm 122' that also holds the reflecting



device 114 in place when the first cover 106 ambisé cover 104 are attached to the connector
housing 102. However, the alignment mechanism df2®'e second cover 104 does not
comprise aperture or cutout portion 124. Furthéaiteof the second cover 104 will be
described below with respect to FIG. 5.

As noted above, the first cover 106 and secondrcbd4 can have step regions 122, 122' for
contacting the walls of the connector housing 1hghat the first and second covers 106, 104
can attach to the connector housing 102 with sréhfipeMore specifically, the first and second
covers 106, 104 can each have a coefficient ohthkexpansion relative to the coefficient of
thermal expansion of the connector housing 102 shaththe first and second covers 106, 104
expand at a more rapid rate relative to any expansi the connector housing 102.

The "snapped-fit" of the first and second cover§, @4 allows the optical waveguide coupler
100 to be field adjustable, unlike static and peremd optical connectors of the prior art. Further,
this "snapped-fit" between the covers 106, 104tarcconnector housing 102 can also make the
optical coupler 100 impervious to any liquid thaayhe present outside of the optical coupler
100. In other words, the first and second covefs 104 can form a waterproof or airtight seal
with the connector housing 102. While the first aedond covers 106, 104 can snap together to
form this liquid impervious seal, the covers 1084 tan also be removed after assembly thereof
such that the optics within the connector housidg dan be adjusted or modified.

The connectors 108, 110 that support the opticabgaides (not shown in FIG. 1) can be
attached to the connector housing 102. In one ebagembodiment, the connectors 108, 110
can also be made from polycarbonate material, asgolycarbonate material sold under the
tradename DELRIN. In another exemplary embodint&etconnectors 108, 110 can be made
from a composite ceramic material such as a pdbgrate material sold under the tradename
ALLTEMP. However, other materials for the connestt08, 110 are not beyond the scope and
spirit of the present invention. Other materialdune, but are not limited to, aluminum, steel,
plastic, copper, and zirconium.

In addition to supporting the optical waveguidest(hown in FIG. 1) the connectors 108, 110
can also support and hold some of the discreteopfithe present invention in predetermined
and precise positions as will be discussed belaW mispect to FIGS. 3 and 7.

The connectors 108, 110 can comprise size and dior@nof any of one of industry standard
connectors known in the art. For example, in oremglary embodiment the connectors 108,
110 can comprise ferrule connectors (FC) that hianeads for a screw-type connection between
the connector housing 102 and the connectors 18,4 another exemplary embodiment, the
connectors can comprise as a subscriber conn&®rHaving a square bayonet snap
connection.

Alternatively, in a further exemplary embodimeinig tonnectors 108, 110 can comprise loosing
connectors (LC). Other connector types are not heybe scope and spirit of the present
invention. Other connector types can include, bett limited to, fiber distribution data
interface (FDDI) and straight tip (ST) connectors.



The exemplary materials discussed above for thaexior housing 102, first and second covers
106, 104, and connectors 108, 110 can allow theaptoupler 100 to withstand harsh operating
environments. For example, the optical coupler d@dld be subject to high temperatures that
are produced from either the surrounding envirortroéthe optical coupler 100 or the optical
energy being transferred between the optical wadegynot shown) or both.

More specifically, the material selected for thamector housing 102, first and second covers
106, 104, and connectors 108, 110 can allow theapmtoupler 100 to withstand high
temperature operating environments such as betvé®etlegrees Celsius and +85 degrees
Celsius. Because the optical coupler 100 can vatttssuch ranges of temperature as well as
being impervious to liquids outside the optical glen 100, the optical coupler 100 can usually
meet or exceed several industries standards farabgbnnectors, such as BELLCORE
standards.

FIG. 2 illustrates an elevational view of the opticoupler 100 according to an exemplary
embodiment of the present invention. The preciskaaturate positioning of the reflecting
device 114 by the alignment mechanism 122 of tts¢ ¢over 106 can be ascertained from this
view. In this exemplary embodiment, the first cortoe 108 is positioned at a ninety degree
angle relative to the second connector 110.

In this exemplary embodiment, the reflecting devitd has a reflecting surface 150 that is
disposed at a forty-five degree angle relativehtofirst and second connectors 108, 110 such
that optical energy can be redirected at ninetyeksyfrom one optical waveguide (not shown in
FIG. 2) into another optical waveguide (not showiG. 2). The reflecting device 114 can
comprise a one-hundred percent solid mirror.

However, the reflecting device 114 can comprisearsrthat are less than one-hundred percent
reflective. Such mirrors with less reflective seda are usually not desirable in some
applications because of a potential for lossegptical power being transferred from one optical
waveguide to another. But for other applicatioasslireflective surfaces may be desired if too
much optical energy is being transmitted alongréiqdar optical waveguide. Further, the
reflecting device 114 can comprise a block of makénat only has the one reflective surface
150. In other words, the reflecting device 114 dadmprise material that only has one
reflective side.

As illustrated in FIG. 2, the reflecting device 1de@mprises a triangular shape solid. But the
shape and size of the reflecting device 114 camddified without departing from the scope and
spirit of the present invention. Other shapes efréflecting device can include, but are not
limited to, square, rectangular, pentagonal, ahdragimilar shapes that may be solid or thin in
relative thickness.

The first and second connectors 108, 110 illustratd-1G. 2 can comprise ferrule connectors.
Each ferrule connector 108, 110 further comprisestah portion 200. This notch portion can
comprise an industry standard fitting to align tbeule and optical waveguide during mating
thereof. This notch portion 200 is usually for eiglegree polished connectors, as known in the
art.



Referring now to FIG. 3A, this figure is a sidewief the optical coupler 100 according to an
exemplary embodiment of the present invention. Bi&further illustrates the precise alignment
of the geometric centers of the connectors 108, rétHive to the connector housing 102. FIG.
3B illustrates a cross-sectional view of the optezaupler illustrated in FIG. 3A. Further details
of the optical system according to the presentritiva are illustrated in FIG. 3B.

Specifically, a lens 300 supported by the firstreaetor 108 is illustrated in FIG. 3B. The lens
300 is precisely and accurately positioned withia first connector 108 such that the lens 300 is
aligned with the reflecting device 114 supportedhsyalignment mechanism 122 of the first
cover 106. The lens 300 is positioned within thstftonnector 108 in a notch region 302 that
can comprise an aperture that has a diameterstigatater than a diameter of a cylindrical
section in 304 of the first connector 108. The 18068 comprises an aspherically shaped lens as
will be discussed in further detail below with respto FIG. 8. The alignment mechanism 122 of
the first cover 106 positions the mirror 114 aegght that corresponds directly with height of
the lens 300 relative to the first cover 106.

Referring now to FIG. 4, this figure is an isometriew of the connector housing 102. FIG. 4
illustrates how the first apertures 115 for reaggvihe connectors 108, 110 (not shown in FIG. 4)
are disposed at a predetermined angle relativadb ether. In the exemplary embodiment
illustrated in FIG. 4, the connector housing 108asigned for optical waveguides that are
disposed at ninety degrees angle relative to etiar.o

However, those skilled in the art will apprecidtattthe shape of the connector housing 102 or
the position of the first apertures 115 could bestéd such that optical waveguides (not shown)
could be disposed at angles other than ninety degfiéne present invention is not limited to
coupling optical waveguides at ninety degree an@diser angles include, but are not limited to,
ten degree angles, fifteen degree angles, thigye#eangles, forty-five degree angles, sixty
degree angles, seventy-five degree angles, and atigées greater than ninety degrees and less
than or equal to one-hundred eighty degrees.

Further, those skilled in the art recognize th#éthé reflecting device 114 and the allignment
mechanisms 122 were eliminated and if the conneqtertures 115 were disposed at an angle of
180 degrees relative to each other, then the presaamtion could provide for a straight line
connection between two optical waveguides in otd@liminate the need for splicing two

optical waveguides together. Other modificationthsize and shape of the connector housing
102 and the remaining elements of the optical caupd0 are not beyond the scope and the spirit
of the present invention.

Referring now to FIGS. 5A, 5B, and 5C, further dstaf the second cover 104 are illustrated.
Specifically, further details of the alignment manism 122’ of the first cover 104 are
illustrated. Unlike the alignment mechanism 122haf first cover 106, the alignment mechanism
122' of the second cover 104 does not compris@artuae or notch portion 124. The alignment
mechanism 122' of the second cover 104 is designpress against a top portion of the
reflecting device 114 when the second cover 1@4téched to the connector housing 102. The
alignment mechanism 122' of the second cover 18#ipos the reflecting device 114 in a



precise X, Y and Z position relative to the 1en866 supported by the first and second
connectors 108, 110.

The second cover 104 has a square shape as thasinaF1GS. 5A, 5B, 5C. However, other
shapes for the second cover 104 are not beyorgttpe of the present invention. Usually the
shape of the second cover 104 and its step re@0@mill match or correspond with the shape of
the connector housing 102. Other shapes of thendemaver 104 and step region 120 include,
but are not limited to, rectangular, circular, tigalar, pentagonal, and other similar shapes.

Referring now to FIGS. 6A, 6B and 6C, further detaf the first cover 106 that support
reflecting device 114 are illustrated. Specificathe relative thicknesses of the step portion 120
and alignment mechanism 122 are illustrated. Tative depth of the aperture or cut out region
124 can further be ascertained from FIG. 6C. Agaatove, the alignment mechanism 122 of
the first cover 106 holds or supports the mirrof iria predetermined and precise location
relative to the lenses 300 supported by the fimdtsecond connectors 108, 110.

In the exemplary embodiment illustrated, the segpan 120 typically has a thickness or height
that is less than the alignment mechanism 122., Ateodepth of the aperture or cutout region
124 can have a magnitude that is less than théteighickness of the aperture alignment
mechanism 122. However, those skilled in the alftretognize that the step region, alignment
mechanism 122, and aperture 124 can be adjustaliffierent size mirrors depending upon the
particular application of the optical coupler 100.

Referring now for FIGS. 7A, 7B, 7C, and 7D, furthietails of one of the exemplary connectors
108 are illustrated. For example, details of thiemoegion 302 and the cylindrical section 304
can be ascertained in FIG. 7B. In FIG. 7B, the @08 has been removed such that the
geometric relationship between the cylindrical ®ec804 and notch region 302 can be
ascertained. As noted above, the notch region I32stupports the mirror 300 (not shown) can
comprise a diameter that is greater than a diano¢tie cylindrical section 304.

Also, in FIGS. 7C and 7D, the first connector 1@8 comprise fastening device apertures 700
that permit the insertion of fastening devices @taiwn) thereto. However, those skilled in the
art recognized that fastening device aperturesc@®e modified or eliminated from the
connector 108 without departing from the scopetaedspirit of the present invention. For
example, if the connector 108 had a step regionillnstrated) similar to the step region 120 of
the first and second covers 106, 104, then therfiag) device apertures 700 could be eliminated
since the connector 108 could have a snap fit thighconnector housing 102 (not shown in
FIGS. 7C and 7D).

As noted above, the connectors 108, 110 can coenpide and dimensions of any one of
industry standard connectors known in the art.éxample, the present invention could
comprise several connectors (as illustrated) sililcconnectors, lucent connectors, FDDI
connectors, and ST connectors without departing fitte scope and the spirit of the present
invention.

FIG. 8 illustrates further details of the opticgsem contained within the optical coupler 100.



Each lens 300 comprises a first planar side 800ass®tond convex side 802. The convex side
802 further comprises an aspherical shape thatasroportant feature of the present invention.
The aspherical shape of these lenses 300 mearnstti@two planar sides 800 of the two lenses
300 were placed next to and contacting each otien, the two opposing outside convex sides
802 would not form a perfect sphere.

While each lens 300 can be referred to as a planwex lens, it is the aspherical shape of the
convex side 802 that collimates the optical eneeggived from optical waveguides in a very
efficient manner. The prescription of each lens 308 function of the optical coupler
dimensions and a function of the optical wavegugiess and types (i.e.--single mode or
multimode).

In the exemplary embodiment illustrated in FIGe&ch convex side 802 can face the inside of
the connector housing 102 towards the reflectingogel14'. As noted above, the reflecting
device 114' can have various shapes other thae thastrated in the drawings. For example,
comparing the reflecting device 114' of FIG. 8he teflecting device 114 illustrated in FIG. 2,
one recognizes that the reflecting device 114'16f B has a substantially rectangular shape
while the reflecting device 114 of the FIG. 2 hasibstantially triangular shape.

As illustrated in FIG. 8, for a first asphericah$e300A, substantially all of the optical energy

that exits a first optical waveguide (not showngidispersion cone 804 at a predetermined angle
(usually about 14 degrees) can be collected bf¥irstegplanar side 800A and then collimated or
expanded by the second aspherical side 802A. Thmated optical energy 806 can then be
redirected or reflected by the 30 reflecting deviidd'.

Then, the collimated optical energy 806 that itexdéd from the reflecting device 114' can be
propagated into a second spherical lens 300B. @&bensl spherical lens 300B comprises a
second aspherical side 802B that can focus themaikd optical energy into a focal point 808
corresponding directly with a central region okeaand optical waveguide (not shown). The
focused optical energy can then be propagated &waythe second spherical lens 300B in the
second optical waveguide (not shown).

Referring now to FIG. 9, this figure illustratesther details of the exemplary optical system
illustrated in FIG. 8. Specifically, in FIG. 9, mst optical waveguide 900 and a second
waveguide 902 are illustrated. The optical wavegsii9do0 and 902 illustrated in FIG. 9 can
comprise fiber optic cables. The optical waveguickes also comprise either single mode or
multimode fiber optic cables. For a single modefibptic cable, the core of the cable can
comprise a diameter of approximately nine micromsetigleanwhile, a one hundred-twenty-five
micrometer cladding can surround the nine micrometee of the cable. A single mode fiber
optic cable will typically have an outside diamebdétwo millimeters.

For a multi-mode fiber, the core can typically haveixty-two point five (62.5) micron diameter.
For the cladding of the multi-mode fiber, the cleddcan typically has a diameter of two-
hundred fifty micrometers. An exemplary embodimasillustrated in FIG. 1, operates more
efficiently with multi-mode fiber than single modiber. However, the present invention
maximizes the optical energy transfer between twgls mode fiber optic cables, while



minimizing any back reflection or other opticaluet losses.

As further illustrated in FIG. 9, the optical engexiting the first or input optical waveguide 900
of an exemplary embodiment can have a dispersigleavith a magnitude of approximately
fourteen degrees. Meanwhile, the prescriptionterdecond collimator or second aspherical lens
300B in one exemplary embodiment can have a fecajth of approximately 4.73 millimeters

for a second receiving optical waveguide 902 tlhatgrises a single mode fiber optic cable.
Those skilled in the art will further appreciatatithe term "optical waveguide" can comprise
other light guiding structures other than fiberiogtbles. For example, an optical waveguide
can further comprise a planar or light guide circuiother types of other optical waveguides
known in the art.

Each lens 300 can have a diameter comprising appabaly 2 millimeters in diameter.
However, those skilled in the art will apprecidtattthe dimensions of each lens 300 can be
modified or scaled in accordance with the sizetgpds of optical waveguides being coupled.
Referring now to FIG. 10, this figure illustratéetGaussian effect 1000 of the optical energy
manipulated by the lens 300. The region betweeareate points 1 and 3 can comprise a
diffractive element that may affect the divergentéhe optical energy propagating through a
piano-convex lens 300. This Gaussian effect is kmtamthose skilled in the art. The Gaussian
effect enables the aspherical lens 300 to condieseollimated light onto the reflecting device
114 (not shown in FIG. 10).

FIG. 11 illustrates a lens 300" according to anogxemplary embodiment of the present
invention. The lens 300’ of FIG. 11 illustrates #ffect of anti-reflective coatings 1100 present
on the two services of the lens 300'. The lens B0®ounted so as to allow for free space
photonics travel. The fourteen degree conal dispeisf the optical energy or light rays from the
end of the optical waveguide (not shown) can bowngeflect off the walls of the waveguide
and back into the lens on either side of the |&@s 3Therefore, a film 1100 is applied to the
glass to reduce back reflection back into the BH.

Referring now to FIG. 12, this figure illustrates @ptical system according to an alternative
exemplary embodiment of the present inventionhis éxemplary embodiment, the plano-
convex lenses 300" have been reoriented meaninghdaonvex side 802 faces the ends of the
optical waveguides (not shown in this Figure) iadtef the reflecting device 114". In other
words, the lenses 300" are facing plano to piade.sihis orientation does not typically change
the collimating effect or the focal point to andrir an optical waveguide (not shown in this
Figure). One important aspect of this embodimelatike (as well as all of the aforementioned
embodiments) is that the two aspherical plano-cemeeses 300" have geometric centers that
are substantially aligned. In this exemplary embwatit of FIG. 13, the optical energy or light
directed off of the reflecting element 114" wilpigally be smaller in diameter relative to any of
the previously discussed embodiments, howeverfoited length and point remains the same
relative to the entry and exit spot sizes of thecapwaveguides being coupled.

Referring now to FIG. 13, this figure illustratesogher alternative exemplary embodiment of the
present invention where the lenses 300™ and tiectiang device 114™ form a uniform or single
structure 1400 that can be substituted for theipusly described discrete and separate optical



components. This solid prism and mirror structu48Qfurther comprises convex surfaces 1402
at the entry and exit portions of the structuree Thitary prism and mirror structure 1400 can be
made from optical grade polycarbonate. The operaifdhis exemplary embodiment illustrated
in FIG. 13 closely parallels the operation of tkeraplary embodiment illustrated in FIG. 12.

FIG. 14 is a logic flow diagram illustrating an exglary embodiment of a method 1500 for
coupling and reorienting optical energy between dpbcal waveguides disposed at a
predetermined Angle. Those skilled in the art redog that certain steps in the process
illustrated in FIG. 14 and described below mustiraly precede others for the present invention
to function as described. However, the presentritioe is not limited to the order of the steps
described herein if such order or sequence doeslt@otthe functionality of the present
invention. That is, it is recognized that some steyay be performed before or after other steps
without departing from the scope and spirit of pnesent invention.

Step 1505 is the first step of the method 150@éwpling and reorienting optical energy. In step
1505, optical waveguides 900 and 902 can be coupldte connectors 108, 110. Next, in step
1507, the connectors 108, 110 can be coupled todieector housing 102.

In step 1510, the first cover 106 with the reflegtdevice 114 can be coupled to the connector
housing with a snap fit connection. Similarly, teg 1515, the second cover 104 can be coupled
to the connector housing 102 by another snap fiheotion. Those skilled in the art will
recognize that step 1505 through step 1515 cawoinpleted in any order without departing

from the spirit and scope of the present inventi@r.example, instead of coupling the
connectors 108, 110 to the connector housing 1i@2 far snapping the first and second covers
106, 104 to the connector housing, it is possibligrst snap the covers 106, 104 and then couple
the connectors 108, 110 to the connector housidg 10

In step 1520, optical energy can be received higsaléns 300A from a first waveguide 900.
Next, in step 1525, the first lens 300A can expidwedreceived optical energy into a collimated
beam. Subsequently, in step 1530, the collimatedhbzan be propagated towards the reflecting
device 114 such as a mirror. Next, in step 1535réfiecting device 114 can direct or reflect the
collimated optical beam at a predetermined angle.

In step 1540, the reflected collimated beam cafobesed with the second lens 300B to a
predetermined size and at a predetermined focgthdor a second optical waveguide 902.
Next, the optical energy received by the seconttalpivaveguide can be propagated away from
the housing 102 and the second lens 300B and tdoad®ptical waveguide 902.

In view of the foregoing, the present inventionm#s adjustments to the optics housed in an
optical coupler while in the field or operating @wment. In other words, the present invention
provides an optical coupler that has field-adjustaiptics to permit the adaptation of the optical
coupler to various types and sizes of optical waids.

Further, the optical coupler is impervious to aiuids that are present in the operating
environment of the optical coupler and optical waudes. Also, the optical coupler can
withstand harsh operating environments where thieadgoupler can be subjected to high



temperatures. Because of its ability to withstamchsoperating environments, the optical coupler
of the present invention can meet or exceed indssandards for optical connectors.

The optical coupler maximizes the optical energypsfer between two optical waveguides
through the precise prescription of the lenseselkasg their predetermined and steady position,
while minimizing any back reflection or other o@ticeturn losses. The optical coupler of the
present invention provides automatic core-to-cdigmment of optical waveguides in free space
by simply attaching connectors to a connector hmgusiat automatically aligns the core of
optical waveguides being coupled together.

It should be understood that the foregoing relateyg to illustrated embodiments of the present
invention, and that numerous changes may be madeithwithout departing from the spirit and
scope of the invention as defined by the followohgms.
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