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OPTICAL NETWORKING ASSEMBLY 

STATEMENT REGARDING RELATED 
APPLICATIONS 

[0001] This application is related to US. patent applica 
tion Ser. No. 09/267,258 entitled, “Method and Apparatus 
for Filtering an Optical Fiber,” and claims the bene?t of 
priority to US. Provisional Application No. 60/124,424 
entitled, “Optical Networking Assembly,” ?led Mar. 15, 
1999. 

TECHNICAL FIELD 

[0002] This invention relates generally to the manipula 
tion of light carried by optical ?bers. More particularly, the 
present invention relates to ?ltering light and propagating 
re?ected light along optical paths of a planar lightguide 
circuit. 

BACKGROUND OF THE INVENTION 

[0003] In recent years, the use of optical ?bers has become 
increasingly Widespread in a variety of applications. Optical 
?bers have been found to be especially useful for many 
industries such as telecommunications, computer-based 
communications, and other like applications. 

[0004] To maximize ef?ciency of optical Waveguides, 
multiple information channels can be multiplexed into a 
single optical beam. In other Words, multiple channels of 
information can propagate along an optical Waveguide as a 
single beam of light energy. In order to form the multiplexed 
optical signal or to demultiplex the optical signal, optical 
?lters are typically employed to separate light energy of a 
?rst Wavelength from light energy having different Wave 
lengths. To maximiZe optical ?lter ef?ciency, light energy 
can be collimated such that rays of light forming an optical 
beam travel in a manner parallel With one another. Such a 
collimation of light energy enables individual rays to strike 
an optical ?lter at a desired angle. Without collimating light 
energy, individual rays of light could strike an optical ?lter 
at undesirable angles Which reduces optical ?lter ef?ciency. 

[0005] For example, in the conventional art as illustrated 
in FIG. 1, an expanded beam optics system 10 can be used 
to separate channels of information of a single optical beam 
20 that propagates along an optical Waveguide 15. Each 
channel of the single ‘optical’ beam 20 can have a different 
Wavelength. For example, the single beam 20 as illustrated 
in FIG. 1 can include separate information channels that are 
carried by a ?rst optical beam having a Wavelength of 
lambda sub one (A1) and a second optical beam having a 
Wavelength of lambda sub tWo (A2). 

[0006] The expanded beam optics system 10 can employ 
a lens 30 to collimate the beams of optical energy forming 
the single optical beam 20. The lens 30 is necessary hard 
Ware for the conventional system since Whenever optical 
energy leaves one medium and enters into another medium 
the optical energy refracts or diverges because of the 
changes in the indices of refraction of the different materials. 
In addition to the lens 30, the expanded beam optics system 
10 also uses free space 40 betWeen an optical ?lter 50 and 
the lens 30. The free space 40 may be open space or it may 
include another medium such as a glass block (not shoWn). 

[0007] In FIG. 1, a feW of the optical beams 25 that form 
the single beam 20 are illustrated in order to demonstrate 
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that the individual optical beams 25 are substantially parallel 
With one another When exiting the lens 30. When the 
individual optical beams 25 strike the optical ?lter 50, only 
optical beams of a predetermined Wavelength are permitted 
to pass through the optical ?lter 50. In the example illus 
trated in FIG. 1, the optical ?lter is designed to pass only 
optical beams having a Wavelength of lambda one (A1). The 
individual optical beams 25 having a Wavelength of lambda 
one (A1) pass through the optical ?lter 50 and through a 
glass plate 60 that supports the optical ?lter 50. The ?ltered 
optical beam 70 exits the glass plate 60. The light re?ected 
off of optical ?lter 50 has optical beams that have Wave 
lengths other than lambda one (A1), such as lambda tWo 

(A2) 
[0008] One of the draWbacks of the conventional art is that 
With such a traditional optics systems 10 larger mechanical 
con?gurations are required. In other Words, the lens 30 is 
typically large and bulky relative to the siZe of the optical 
Waveguide 15. Furthermore, the amount of collimation for 
light energy With a lens 30 can be directly related to the cross 
sectional area of the optical beam. Expanded beam optics 
systems 10 require precision alignment and mounting of the 
optical devices relative to each other. In other Words, the 
optical Waveguide 15 must be in precise alignment With the 
lens 30 to promote optical efficiency. Similarly, the lens 30 
must be in precise optical alignment With the optical ?lter 50 
in order to also promote optical ef?ciency. Such con?gura 
tions are not cost ef?cient for mass production. Additionally, 
much optical signal loss can occur betWeen the Waveguide 
lens interface and the lens-free space interface. 

[0009] Accordingly, a need in the art exists for separating 
optical energy into separate optical beams of different Wave 
lengths With a higher ef?ciency. There is a further need in the 
art for a system for separating optical energy that can 
optimiZe the transfer of single mode optical energy propa 
gation betWeen an optical Waveguide and a ?ltering device. 
An additional need in the art exists for a system that can 
tolerate a certain amount of misalignment betWeen optical 
hardWare Without introducing substantial optical losses. 
Another need exists in the art for a system separating optical 
energy that can be easily manufactured and scaleable 
smaller siZes compared to traditional expanded beam optics 
that require a substantial amount of hardWare. Another need 
exists in the art for a system for separating optical energy 
Without the use of lenses. 

SUMMARY OF THE INVENTION 

[0010] The present invention solves the problems of 
expanded beam optics systems by providing an optical 
netWork assembly that includes a planar lightguide circuit 
(PLC) and a ?ltering device. A PLC can have at least tWo 
optical paths for propagating optical energy. The PLC can be 
designed to channel optical energy to the ?ltering device in 
order to separate the optical energy into at least tWo beams, 
Where a ?rst beam can contain a ?rst information channel 
and a second beam can contain a second information chan 
nel. The ?ltering device can be attached directly to the PLC 
or it can be attached directly to an optical Waveguide that is 
also connected to the PLC. This direct attachment can be 
accomplished by building up the ?ltering device on the PLC 
or on the optical Waveguide With a thin ?lm deposition 
process. The optical Waveguide can be a ?exible optical ?ber 
that is part of a communications netWork. The optical 
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Waveguide can either feed optical energy to or propagate 
optical energy away from the PLC. Multiple optical 
Waveguides can be attached to a PLC to feed optical energy 
into and aWay from the PLC. 

[0011] Each optical path of a PLC can be made of a 
transparent core of relatively high refractive index, light 
conducting material While the planar material surrounding 
an optical path can be made of a medium having a loWer 
refractive index. The optical paths can be made of silica, 
plastic, glass, or loW-to-no expansion optical material such 
as ZERODUR glass. Each of the optical Waveguides can be 
made of materials similar to a PLC. Both the optical 
Waveguides and PLCs can be designed to propagate single 
modes of optical energy such that the optical energy travels 
as a single Wavefront in order to reduce attenuation and other 
undesirable effects While increasing bandWidth and trans 
mission properties such as increases in traveled distances. 

[0012] A PLC or a ?ltering device (or both) can optimiZe 
transfer of single mode optical energy propagation (referred 
to as modal transfer) betWeen an optical Waveguide and the 
PLC. The PLC and ?ltering device can be designed to 
minimize modal disruption (such as changes in E-Field 
geometry) of optical energy that can occur during the modal 
transfer of the optical energy betWeen an optical Waveguide 
and the PLC. A PLC can minimiZe modal disruption that 
occurs Within an interface or junction betWeen the PLC and 
another light carrying device by facilitating ef?cient align 
ment betWeen the PLC and the other light carrying device. 

[0013] In other Words, a PLC’s geometry permits rapid 
and ef?cient allignment betWeen a PLC and another light 
carrying device such as an optical Waveguide. A PLC in 
combination With another light carrying device can tolerate 
a certain amount of misalignment relative to each other 
Without introducing substantial optical losses. This tolerance 
of misalignment can also increase manufacturability of an 
optical system that includes a PLC since dimensioning of 
both a PLC and other light carrying device can be relaxed. 

[0014] Furthermore, a PLC can permit the use of passive 
alignment techniques that can reduce time as Well as 
expense compared to conventional active alignment tech 
niques that require signal propagation measurements. That 
is, With passive alignment, signal propagation testing can be 
substantially eliminated. Additionally, PLCs can be scaled to 
smaller siZes compared to traditional expanded beam optics 
that require additional hardWare such as lenses. PLCs can 
interact With ?ltering devices Without the use of lenses that 
are typically required in traditional optics to collimate 
optical energy. 

[0015] Similar to a PLC, a ?ltering device in combination 
With a PLC can optimiZe the modal transfer betWeen a PLC 
and another light carrying device. One Way to optimiZe 
modal transfer betWeen a light carrying device and a PLC is 
to deposit the ?ltering device directly on the PLC itself or 
the light carrying device that can be connected to the PLC. 
Another Way to optimiZe modal transfer betWeen a light 
carrying device and a PLC is to reduce a thickness of the 
?ltering device such that optical energy can be transferred to 
or aWay from a PLC in the near ?eld. In other Words, by 
reducing the thickness of a ?ltering device, divergence of 
optical energy propagating through the ?ltering device can 
be reduced or become negligible because the interface 
betWeen the PLC and light carrying device is substantially 
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small such that optical energy is essentially channeled in a 
Waveguide betWeen the light carrying device and PLC. 

[0016] Another Way to optimiZe the modal transfer of 
optical energy betWeen a light carrying device and a PLC is 
to provide modal adaptations such as changes in geometry in 
the vicinity of the PLC-light carrying device junction in 
order to shape the actual mode ?elds of optical energy. For 
example, the cross sectional geometry of the either the PLC 
or light carrying device or both can be adjusted to match 
each other such that the mode ?eld propagated by the PLC 
matches the mode ?eld propagated by the light carrying 
device. 

[0017] A ?ltering device can optimiZe modal transfer 
betWeen a light carrying device and a PLC by increasing the 
packing density of the ?ltering device such that the ?ltering 
device approaches a bulk density. In other Words, an 
increased packing density of a ?ltering device can substan 
tially reduce or eliminate voids Within the ?ltering device 
that interfere With the propagation of optical energy. Such 
voids can trap light re?ecting or light disturbing materials 
such as Water vapor. 

[0018] The PLC and ?ltering device can form building 
blocks for more complex optical netWorks or netWork archi 
tectures. In one aspect of the present invention, a PLC and 
?ltering device combination can form a drop or add con 
?guration Where one channel of information propagating 
Within a multichannel or multiplexed optical beam can be 
either dropped from or added to the multichannel or multi 
plexed beam. In another aspect, the PLC and ?ltering device 
combination can form a single channel drop-add con?gura 
tion Where one channel can be dropped from a ?rst multi 
channel optical beam and then added to a second multichan 
nel optical beam. 

[0019] In yet another aspect, optical paths Within a PLC 
can be non-linear or curved in order to provide control over 
an angle of incidence of an optical beam striking the ?ltering 
device to minimiZe obliqueness. The PLC and ?ltering 
device combination can form a Waveguide-constrained cas 
cade Where the PLC can include multiple optical paths that 
lead to a plurality of ?ltering devices. Such Waveguide 
constrained cascades can either multiplex or demultiplex 
optical energy that propagates through light carrying 
devices. The PLC and ?ltering device combination can 
multiplex separate optical beams having individual channels 
into a single optical beam or demultiplex a single optical 
beam into separate optical beams With distinct or different 
channels. 

[0020] In another aspect, the PLC and ?ltering device 
combination can include multiple mirrors coupled to the 
PLC that re-direct optical energy onto a plurality of ?ltering 
devices. This can refocus optical energy in order to reduce 
any optical beam divergence as the optical energy re?ects off 
of a ?ltering device. Alternatively, the PLC and ?ltering 
device combination can form a daisy-chained path 
Waveguide that can optimiZe positioning or allignment of the 
optical paths of a PLC With a plurality of ?ltering devices. 

[0021] In a further aspect, the PLC and ?ltering device 
combination can form a remotely con?gurable drop-add plus 
optical cross connect netWork. The PLC and ?ltering device 
combination can further include an activating or diverting 
element such as a moving mirror that diverts a channel 
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signal out of an optical circuit While introducing a neW 
signal content along the same channel into the optical 
circuit. This embodiment can function as an optical sWitch. 

[0022] For an additional aspect the PLC and ?ltering 
device combination form a part of an ampli?cation or gain 
?attening architecture. Gain ?attening elements can be 
inserted into light paths outside of the PLC and ?ltering 
device combination to discretely attenuate channels Which in 
turn ?attens the gain of an optical signal over an extended 
spectral range. 

[0023] Similar to hoW the PLC and ?ltering device com 
bination can form building blocks for optical netWork archi 
tectures, the multiplex, demultiplex, and the optical drop 
add inventive concepts can form building blocks for even 
larger netWork architectures. These larger netWork architec 
tures can include a multiplex-demultiplex con?guration and 
an optical drop-add con?guration. In a multiplex-demulti 
plex con?guration, multiple beams that each carry a unique 
information channel can be combined or multiplexed into a 
single optical beam. This single optical beam can then be 
propagated along a light carrying device to another PLC and 
?ltering device combination that can then demultiplex the 
single optical beam into multiple optical beams. In the 
optical drop-add con?guration, multiple channels can be 
multiplexed into a single optical beam and a feW channels 
can be dropped or added or both at a point betWeen tWo 
PLC-?ltering device combinations that multiplex and 
demultiplex the single optical beam. 

[0024] The PLC and ?ltering device combination, in addi 
tion to the multiplex-demultiplex con?guration and optical 
drop-add con?guration, can form an optical cross-connect 
con?guration that permits the sharing of optical channels 
betWeen at least tWo separate optical netWorks. The PLC can 
be formed With a single segment of optical material suitable 
for an optical Waveguide. A sharp bend of an appropriate 
angle can be introduced into the single segment of optical 
material so that the PLC and the optical Waveguide form an 
integral unit. 

[0025] A PLC can be integrated into a bulk matrix. This 
structure can be formed by utiliZing polymer molding tech 
niques such as insert injection molding or by planar 
Waveguide fabrication. 

[0026] The PLC and ?ltering device combination can 
further optimiZe modal transfer of optical energy by manipu 
lating the shape of the optical paths disposed Within a PLC. 
In other Words, an optical path of a PLC can be shaped in 
such a Way as to minimiZe the divergence of optical energy 
as the optical energy passes through the ?ltering device. An 
optical path Within a PLC can be tapered so that optical 
energy is projected optimally through the ?ltering device 
and into a ?ber core of an optical Waveguide. The shaping 
of optical paths Within a PLC can reduce losses that can 
occur When optical energy propagates through the ?ltering 
device. The PLC and ?ltering device combination can be 
part of mounting structures that facilitate the precise align 
ment of light carrying devices such as optical Waveguides 
With each PLC and ?ltering device. These mounting struc 
tures can include blocks comprising cavities having a shape 
similar to a respective PLC. Other mounting structures can 
include V-groove based assemblies that are designed to align 
optical Waveguides by supporting the outer cladding of 
optical Waveguides With a respective V-groove. The 
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V-grooves can be made at appropriate angles relative to one 
another as dictated by the number of optical Wage guides to 
be coupled and the type of PLC and ?ltering device being 
employed. 

[0027] That the present invention improves over the draW 
backs of the conventional art and accomplishes the objects 
of the invention Will become apparent from the detailed 
description of the illustrative embodiments to folloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 illustrates an expanded beam optics system 
of the conventional art for the separation of optical energy 
into optical beams of different Wavelengths. 

[0029] FIG. 2 is a diagram that illustrates a single-channel 
drop or add con?guration according to an exemplary 
embodiment of the present invention. 

[0030] FIG. 3 is a diagram that illustrates a single-channel 
drop-add con?guration according to an alternate exemplary 
embodiment of the present invention. 

[0031] FIG. 4 is a diagram that illustrates a straight-line 
path single-channel drop-add con?guration according to an 
alternate exemplary embodiment of the present invention. 

[0032] FIG. 5 is a diagram that illustrates a serpentine 
path single-channel drop-add con?guration according to an 
alternate exemplary embodiment of the present invention. 

[0033] FIG. 6 is a diagram that illustrates an eight-channel 
demultiplex or multiplex con?guration according to an 
alternate exemplary embodiment of the present invention. 

[0034] FIG. 7 is a diagram that illustrates a four-channel 
drop-add con?guration according to an alternate exemplary 
embodiment of the present invention. 

[0035] FIG. 8 is a diagram that illustrates a four-channel 
drop con?guration that employs concave mirrors according 
to an alternate exemplary embodiment of the present inven 
tion. 

[0036] FIG. 9 is a diagram that illustrates a daisy chained 
path con?guration according to an alternate exemplary 
embodiment of the present invention. 

[0037] FIG. 10 is a diagram that illustrates a dynamically 
and remotely con?gurable drop-add plus optical cross-con 
nect format con?guration according to an alternate exem 
plary embodiment of the present invention. 

[0038] FIG. 11 is a diagram that illustrates an element in 
an optical path such that existing optical channel content of 
a light circuit can be diverted While neW channel content can 
be introduced to the light circuit in accordance With the 
embodiment illustrated in FIG. 10. 

[0039] FIG. 12 is a diagram that illustrates an element out 
of path such that existing optical channel content of a light 
circuit can be uninterrupted and alternate channel content 
can continue on its path according to the embodiment 
illustrated in FIG. 10. 

[0040] FIG. 13 is a diagram that illustrates an optical 
architecture for optical gain ?attening and selective spectral 
ampli?cation according to an alternate exemplary embodi 
ment of the present invention. 
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[0041] FIG. 14 illustrates a con?guration to introduce 
pump light according to an alternate exemplary embodiment 
of the present invention. 

[0042] FIG. 15 is a diagram that illustrates a multiplex 
demultiplex con?guration according to an alternate exem 
plary embodiment of the present invention. 

[0043] FIG. 16 is a diagram that illustrates an optical 
drop-add con?guration for tWo netWorks according to an 
alternate exemplary embodiment of the present invention. 

[0044] FIG. 17 is a diagram that illustrates an optical 
cross-connect con?guration that permits communication 
betWeen multiple netWorks according to an alternate exem 
plary embodiment of the present invention. 

[0045] FIG. 18 is a diagram that illustrates a single 
channel drop or add con?guration that includes a shaped 
planar lightguide circuit according to an alternate exemplary 
embodiment of the present invention. 

[0046] FIG. 19 is a diagram that illustrates a planar 
lightguide circuit integrated into a bulk matrix according to 
an alternative exemplary embodiment of the present inven 
tion. 

[0047] FIG. 20 is a diagram that illustrates a planar 
lightguide circuit With shaped optical paths according to an 
alternate exemplary embodiment of the present invention. 

[0048] FIG. 21 is a diagram that illustrates a mounting 
structure for optical Waveguides and a planar lightguide 
circuit. 

[0049] FIG. 22 is a diagram that illustrates a top vieW of 
a V-groove-based mounting structure according to an alter 
nate exemplary embodiment of the present invention. 

[0050] FIG. 23 is a diagram that illustrates a mounting 
structure for optical Waveguides according to an alternate 
exemplary embodiment of the present invention. 

[0051] FIG. 24 is a diagram that illustrates a optical 
Waveguide that includes a thin-?lm interference ?lter and a 
?ber Bragg grating according to an alternate exemplary 
embodiment of the present invention. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

[0052] To understand the operation and design of planar 
lightguide circuits (PLCs), a revieW of ?ber optics in general 
can be bene?cial to the reading audience. The term “optical 
?ber” is used herein to refer generally to any optical 
Waveguide or structure having the ability to transmit the 
?oW of radiant energy along a path parallel to its axis and to 
contain the energy Within or adjacent to its surface. “Step 
index,”“gradient index,” and “single mode” ?bers are sub 
categories Within the optical ?ber designation. The term 
“multimode” optical ?ber refers to an optical Waveguide that 
Will alloW more than one bound mode to propagate. 

[0053] Step index ?bers include a transparent cylindrical 
core of relatively high refractive index light-conducting 
material. Typical core materials include silica, plastic, and 
glass. The core is cylindrically surrounded by a medium 
having a loWer refractive index. Typically, this medium is a 
relatively thin cladding, Which is an intimately bound layer 
surrounding the core. The cladding may be a different 
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material than the core, or it may be a similar material that has 
been doped in order to reduce its refractive index. The core 
may also be unclad Whereby the ambient medium, often air, 
is of loWer refractive index and acts in the capacity of the 
cladding. The cladding is usually surrounded by one or more 
coatings, buffers, and/or jackets that primarily serve protec 
tive roles. 

[0054] An arbitrarily oriented ray Within the core of a step 
index ?ber travels until it intersects the core boundary at the 
cladding and interacts in accordance With its angle of 
incidence. Generally, rays angularly oriented close to par 
allel With the ?bers axis are ef?ciently re?ected at the core 
boundary. Within certain angular limitations, the ray is 
oriented to undergo total internal re?ection at the core 
interface. These angular limitations are a function of the 
refractive indices of the core and the cladding. The limits 
determine the angular bounds Within Which the ?ber can 
propagate light. Thus, sustained propagation occurs via 
repeated total internal re?ection Within the ?ber core. If the 
arbitrary ray is oriented beyond the ?ber’s limits for total 
internal re?ection, then only a fraction of its intensity is 
internally re?ected. The reduced intensity ray is further 
attenuated as it undergoes subsequent core boundary inter 
actions. The ratio of light energy that is internally re?ected 
to the energy that escapes varies according to the angle. If 
the ray is oriented normal to the core boundary, then all of 
its intensity is lost. As the angle of an improperly oriented 
ray approaches the acceptance limits for total internal re?ec 
tion, the relative intensity of the re?ected ray increases. 
Thus, for rays With angle orientation close to, but outside of, 
the limits for total internal re?ection, multiple re?ections 
can occur prior to signi?cant poWer loss. 

[0055] If the arbitrarily oriented ray Within the ?ber core 
has suf?cient poWer and orientation, then it sustains poWer 
and eventually reaches the ?ber end face. It interacts With 
the end face boundary in accordance With the laWs of 
re?ection and refraction. As the ray crosses the end face 
boundary betWeen the ?ber’s core and the surrounding 
medium, it is refracted. The refractive effect is a function of 
the refractive index of the core, the refractive index of the 
surrounding medium, and the orientation of the ray relative 
to the ?ber end face surface. The factor of ray orientation is 
based upon its angle relative to a surface normal taken at the 
point Where the ray intersects With the end face surface 
boundary. Angular orientation of rays outside the ?ber end 
face and propagating rays Within the ?ber core are distinctly 
correlated. A correlation exists betWeen individual and col 
lective external and internal rays. 

[0056] The previous discussion centered on rays internally 
propagating and exiting the ?ber. An analogous situation 
exists for rays outside the optical ?ber entering into the ?ber 
core. The correlating development is readily draWn by those 
skilled in the art. For a ?ber utiliZed for single-direction ?oW 
of light, light is typically injected into the ?ber at one end 
and exits the ?ber at the opposite end. HoWever, ?bers can 
also be utiliZed in a bidirectional con?guration. In this 
con?guration, light purposely enters and exits from a single 
end of the ?ber. 

[0057] As light propagates Within the ?ber core, it tends to 
become mixed or randomly oriented over distance. Even 
highly directional sources, such as lasers, become mixed or 
scrambled over distance folloWing input into a long optical 
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?ber. In this mixing process, the ?ber’s modes are ?lled and 
all source characteristics, or so-called launch conditions, are 
lost. The mixing process can be accomplished in shorter 
?bers by tightly coiling the ?ber, inducing micro-bends, or 
otherWise stressing the ?ber. Similarly, for very short ?ber 
lengths, launch characteristics are retained. Also, for very 
short lengths of ?ber, light can be transmitted beyond the 
normal limits for propagation dictated by the angular limits 
for total internal re?ection. This property is due to the 
reduced number of re?ections, Which accumulate minimal 
attenuation. A ?ber’s ability to sustain transmission beyond 
the normal limits for total internal re?ection can be 
enhanced by the application of internally re?ective coatings 
applied to the ?ber’s outer cylindrical surface. This coating 
can be applied to either the ?ber’s core or the cladding. It 
should be noted that, for long ?bers, propagation cannot be 
totally reliant on re?ective coatings. In contrast to total 
internal re?ection, even the best re?ective coatings offer less 
than 100 percent re?ectivity. Losses associated With 
repeated re?ections at less than 100 percent ef?ciency 
quickly accumulate resulting in severe attenuation. Vast 
numbers of re?ections occur during propagation in even 
moderate ?ber lengths. 

[0058] While the above discussion provides some techni 
cal insight for many types of optical ?bers and optical 
Waveguides in general, a preferred exemplary embodiment 
of the present invention is designed to propagate single 
mode optical energy. To propagate single mode optical 
energy, the core diameter of the PLCs and any associated 
optical ?bers must be sufficiently small so that the optical 
energy Will travel as a single Wavefront having a mode ?eld 
slightly larger than the core. That is, single mode optical 
devices can be made With the materials discussed above, 
hoWever, these optical devices are scaled or siZed to support 
single mode optical energy propagation. 

[0059] FIG. 2 illustrates an exemplary optical netWork 
assembly 200 that includes a planar lightguide circuit (PLC) 
210 and a ?ltering device 220. The exemplary PLC 210 
illustrated in FIG. 2 can include a ?rst optical path 230 and 
a second optical path 240. The ?rst optical path 230 can be 
connected to a ?rst optical Waveguide 250 that has a ?rst 
optical core 255. The ?ltering device 220 and the ?rst optical 
path 230 can be connected to a second optical Waveguide 
260 that has a second core 265. The second optical path 240 
can be connected to a third optical Waveguide 270 that has 
a third core 275. 

[0060] It is noted that the cores 255, 265, and 275 of the 
?rst, second, and third optical Waveguides, respectively, 
each have arroW heads to designate the direction of ?oW of 
optical energy. In the actual physical embodiments of these 
Waveguides, the optical cores are shaped similarly to the 
optical paths 230, 240 of the PLC 210. 

[0061] Each optical path 230, and 240 of the PLC as Well 
as the cores 255, 265 and 275 of the optical Waveguides, can 
be made of a transparent material that has a relatively high 
index of refraction. The material 280, 285, 290, and 295 
surrounding the optical paths 230, 240 and cores 255, 265, 
and 275 can be made of a medium having a loWer index of 
refraction relative to the cores and optical paths. This 
surrounding material may be different than that of the optical 
paths and cores or it may be a similar material Wherein a 
dopant is introduced to alter its refractive index. Alterna 
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tively, a dopant can be introduced to either the core or optical 
path of a PLC or both in order to alter the refractive index 
of the core or path or both relative to the surrounding 
material. The optical paths and cores can be made of silica, 
plastic, high quality optical glass such as BK-7, or loW-to-no 
expansion optical material such as ZERODUR glass. 

[0062] PLC fabrication processes include ion exchange, 
?ame hydrolysis, and reactive ion etching. The Waveguide 
can be imposed onto a substrate by depositing or groWing a 
high index ?lm on the substrate surface or by diffusing a 
dopant into the substrate surface. Etching and/or photolitho 
graphic techniques can be used to cast the optical paths 
Within a PLC into desired circuit patterns. 

[0063] Both optical Waveguides 255, 265, and 275 and the 
optical paths of the PLC 210 can be designed to propagate 
single modes of optical energy so that the optical energy 
travels as a single Wave front in order to substantially reduce 
attenuation While substantially increasing band Width and 
transmission distances. The PLC 210 can optimiZe the 
transfer of single mode optical energy propagation (referred 
to as modal transfer) betWeen the optical Waveguides 250, 
260, and 270 and the PLC 210 itself. 

[0064] The PLC 210 can minimiZe the modal disruption of 
optical energy that can occur during the transfer of the 
optical energy betWeen the optical Waveguides 250, 260, 
270, and the PLC 210. The PLC 210 can minimiZe modal 
disruption by facilitating efficient alignment betWeen the 
PLC 210 and the optical Waveguides 250, 260, and 270. In 
other Words, the PLC’s geometry permits rapid and ef?cient 
alignment betWeen the PLC 210 and the optical Waveguides 
250, 260, and 270. The PLC 210 can tolerate a certain 
amount of misalignment With the optical Waveguides 250, 
260, and 270 Without introducing any substantial optical 
losses. This tolerance of misalignment can translate into 
increased manufacturability of an optical system that 
includes the PLC 210 since dimensioning of the PLC 210 or 
light carrying device or both can be relaxed. An optical 
system can include the PLC 210 in combination With light 
carrying devices such as one or more optical ?bers. 

[0065] Furthermore, a system including the PLC 210 can 
permit the use of passive alignment techniques that can 
reduce time as Well as expense for assembly of the system 
itself compared to conventional active alignment techniques 
that require signal propagation measurements. Additionally, 
the PLC 210 can be scaled to much smaller siZes compared 
to traditional expanded beam optics systems that require 
additional hardWare such as lenses. The PLC 210 can 
interact With the ?ltering device 220 Without the use of 
lenses. 

[0066] Similar to the PLC 210, the ?ltering device 220 in 
combination With the PLC 210 can optimiZe the modal 
transfer betWeen the PLC 210 and the second optical 
Waveguide 260. One Way to optimiZe modal transfer 
betWeen the PLC 210 and optical Waveguide 260 is to 
deposit the ?ltering device 220 directly on the PLC 210 itself 
or by depositing the ?ltering device 220 directly on the end 
of the second optical Waveguide 260. Another Way to 
optimiZe modal transfer betWeen the PLC 210 and the 
second optical Waveguide 260 is to substantially reduce the 
thickness of the ?ltering device 220 such that optical energy 
can be transferred to or from the PLC 210 in the near ?eld. 
In other Words, by substantially reducing the thickness of the 
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?ltering device 220, divergence of the optical energy propa 
gating through the ?ltering device 220 can be substantially 
reduced or become negligible. The interface betWeen the 
light carrying device and PLC 210 can be made substantially 
small such that optical energy is directed in a Waveguide 
effectively formed betWeen the PLC 210 and the light 
carrying device, such as second Waveguide device 260. 

[0067] The ?ltering device 220 can further optimize the 
modal transfer betWeen the PLC 210 and second optical 
Waveguide 260 by increasing the packing density of the 
?ltering device 220 such that the ?ltering device 220 
approaches a bulk density. In other Words, increasing pack 
ing density of the ?ltering device can substantially reduce or 
eliminate voids Within the ?ltering device 220 that interfere 
With the propagation of optical energy. Such voids can 
sometimes trap light re?ecting or light disturbing materials, 
such as Water vapor, that can interfere With optical energy 
propagation. The ?ltering device 220 can be a dielectric, 
thin-?lm interference ?lter of alternating refractive index 
layers. 

[0068] The ?ltering device 220 can have a packing density 
in excess of 90 percent. In other exemplary embodiments, 
the packing density for the ?ltering device 220 can be above 
95 percent In further exemplary embodiments, the packing 
density can be above 99 percent. In an exemplary embodi 
ment, the ?ltering device can include refractory oxides. The 
?ltering device 220 can also be a band pass ?lter covering 
at least one channel. 

[0069] HoWever, the ?ltering device in other embodiments 
can also be a high-pass, loW-pass, or a band stop ?lter. The 
?ltering device 220 can also be a rugate ?lter. The operating 
Wavelength of the ?ltering device 220 can be a variety of 
Wavelengths, including 830 nanometers, 1310 nanometers, 
and 1550 nanometer WindoWs. The slope of the ?ltering 
device 220 relative to corresponding optical paths 230 and 
240 can be steep. In some exemplary embodiments, the 
?ltering device 220 can be capable of differentiating 
betWeen channels spaced less than tWo nanometers apart. In 
another exemplary embodiment, the ?ltering device can 
have a transmission greater than 90 percent at a ?rst Wave 
length channel and blocking at least 25 decibels (dB) doWn 
at adjacent channels spaced 1.8 nanometers aWay and at 
least 35 decibels at non-adjacent channels. Alternatively, the 
?ltering device can also be a tunable ?lter. 

[0070] The PLC 210 and ?ltering device 220 combination 
can separate optical energy having at least tWo channels of 
information propagating at different Wavelengths lambda 
one (A1) and lambda tWo (A2). The PLC 210 and ?ltering 
device 220 combination can separate the optical energy 
propagating in the ?rst optical Waveguide 250 into its 
discreet component beams that have Wavelengths of lambda 
one (A1) and lambda tWo (A2). The PLC 210 and optical 
?ltering device 220 separate the optical energy by receiving 
the optical energy from the ?rst optical Waveguide 250 and 
propagating the optical energy along the ?rst optical path 
230 of the PLC 210. The ?rst optical path 210 can propagate 
the optical energy toWards the ?ltering device 220 that has 
an operating Wavelength of lambda one (A1). The ?ltering 
device 220 can be disposed at an angle alpha relative to the 
?rst optical path 230 such that all the optical energy having 
a Wavelength of lambda one (A1) Will ?oW through the 
optical ?ltering device 220 into the second optical 

Sep. 12, 2002 

Waveguide 260. The remaining optical energy having a 
Wavelength other than lambda one (A1), such as a Wave 
length lambda tWo (A2), can then be re?ected aWay from the 
optical ?ltering device 220 along the second optical path 240 
of the PLC 210. The optical energy propagating along the 
second optical path 240 can then be carried further aWay by 
the third optical Waveguide 270. 

[0071] It is noted that the thickness of the optical ?ltering 
device 220 as illustrated in FIG. 2 has been exaggerated for 
illustration purposes only. In an actual physical embodiment, 
the optical ?ltering device 220 can be much thinner and 
dispose substantially Within the second optical Waveguide 
260 or attached directly to a side of the PLC such that its 
thickness is negligible compared to the planar surface of the 
PLC 210. 

[0072] The PLC 210 can have a substantially rectangular 
shape as illustrated in FIG. 2. HoWever, other shapes are not 
beyond the scope of the present invention. The PLC 210 can 
have tWo optical paths 230 and 240 as illustrated in FIG. 2. 
HoWever, the number and orientation of optical paths are not 
limited to those shoWn in FIG. 2. The number of optical 
paths may be increased or decreased depending upon the 
application of the PLC 210. In an exemplary embodiment, 
the PLC 210 can be designed to couple to one or more single 
mode ?bers. With the PLC 210, the separation betWeen the 
PLC 210 and the optical Waveguides 250, 260, and 270 can 
be minimiZed so as to minimiZe poWer loss and signal 
degradation associated With optical beam divergence. The 
PLC 210 further minimiZes the obliqueness of light incident 
on the ?ltering device 220 so as to maximiZe the ?ltering 
device performance. 

[0073] The PLC 210 can be designed such that the lon 
gitudinal axis of the cores 255, 265, and 275 of the optical 
Waveguides are substantially aligned With the longitudinal 
axis of the respective optical axes of the ?rst and second 
optical paths 230, 240. This design overcomes the long 
standing challenge With optical structures incorporating 
single mode ?bers Where only a small percentage of the ?ber 
end-face has active optical energy. 

[0074] The direction of optical energy ?oWing through the 
optical Waveguides 250, 260, and 270 and the PLC 210 in 
?ltering device 220 is not limited to the direction illustrated 
in FIG. 2. The direction of the optical energy can be 
reversed With respect to the arroWs illustrated in FIG. 2 such 
that “add” con?guration can be made. In other Words, 
instead of dropping a channel propagating along an optical 
beam having a Wavelength of lambda one (A1), optical 
energy having Wavelengths other than lambda one (A1) can 
be added to a stream of optical energy (as Will be discussed 
beloW With respect to FIG. 3). The PLC 210 and optical 
?ltering device 220 are Well suited for optical netWork 
technology. Such technology includes, but is not limited to, 
telecommunications, community antenna television (CATV) 
applications, computer netWorking, and other similar types 
of applications. 

[0075] FIG. 3 illustrates a single-channel drop-add con 
?guration in Which tWo PLC-optical ?ltering device com 
binations are used to drop a channel propagating upon an 
optical beam having a Wavelength of lambda one (A1) While 
adding optical energy having Wavelengths other than lambda 
one (A1) to an optical beam having a Wavelength of lambda 
one (A1). In other Words, the con?guration illustrated in 












