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Multi-mode 
21 0 f\/ Laser 

A photonic guiding device and methods of making and using 
are disclosed. The photonic guiding device comprises a large 
core holloW Waveguide con?gured to interconnect electronic 
circuitry on a circuit board. A re?ective coating covers an 
interior of the holloW Waveguide to provide a high re?ectivity 
to enable light to be re?ected from a surface of the re?ective 
coating. A collimator is con?gured to collimate multi-mode 
coherent light directed into the holloW Waveguide. 
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400 \ 

Forming a channel in a substrate to 
form a waveguide, wherein the 

channel is substantially larger than a /\/ 410 
wavelength of the coherent light. 

Applying a layer of a highly reflective 
material to substantially cover an /\/ 420 

interior of the channel. 

Coupling a cover over the channel to 
form a large core hollow waveguide, W 430 
wherein the cover includes a layer of 

the highly reflective material. 

Optically connecting a collimating 
lens to the large core hollow 

waveguide to enable multiple modes N 440 
of multi-mode coherent light to be 
directed in parallel through the 

waveguide. 

FIG. 4 
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500 X 
Collimating a multi-mode coherent 

light beam. /\/ 510 

l 
Directing the collimated multi-mode 
coherent light beam into a large core 
hollow waveguide having a reflective 
coating covering an interior portion of 
the waveguide, wherein the large /\/ 520 

core hollow waveguide is configured 
to interconnect electronic circuitry on 

a circuit board. 

FIG. 5 
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PHOTONIC GUIDING DEVICE 

BACKGROUND 

[0001] As computer chip speeds on circuit boards increase 
to ever faster speeds, a communications bottleneck in inter 
chip communication is becoming a larger problem. One 
likely solution is to use ?ber optics to interconnect high speed 
computer chips. However, most circuit boards involve many 
layers and often require tolerances in their manufacture of 
less than a micron. Physically placing ?ber optics and con 
necting the ?bers to the chips can be too inaccurate and time 
consuming to be Widely adopted in circuit board manufactur 
ing processes. Optical interconnects betWeen chips have 
therefore proven illusive, despite the need for broadband data 
transfer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0002] Features and advantages of the invention Will be 
apparent from the detailed description Which folloWs, taken 
in conjunction With the accompanying draWings, Which 
together illustrate, by Way of example, features of the inven 
tion; and, Wherein: 
[0003] FIG. 1a is an illustration ofa host layer carried by a 
substrate in accordance With an embodiment of the present 
invention; 
[0004] FIG. 1b illustrates a channel formed in the host layer 
of FIG. 1a in accordance With an embodiment of the present 

invention; 
[0005] FIG. 10 illustrates a re?ective coating and protective 
layer applied over the channel of FIG. 1b to form a base 
portion in accordance With an embodiment of the present 
invention; 
[0006] FIG. 1d illustrates a lid portion having a re?ective 
coating and a protective layer in accordance With an embodi 
ment of the present invention 
[0007] FIG. 1e illustrates the lid portion coupled to the base 
portion of FIG. 10 in accordance With an embodiment of the 
present invention; 
[0008] FIG. 2a illustrates a block diagram of a photonic 
guiding device in accordance With an embodiment of the 
present invention; 
[0009] FIG. 2b illustrates a large core holloW Waveguide 
used to interconnect tWo circuit boards in accordance With an 
embodiment of the present invention; 
[0010] FIG. 20 illustrates a large core holloW Waveguide 
used to interconnect electronic components on a circuit board 
in accordance With an embodiment of the present invention; 
[0011] FIG. 2d illustrates a large core holloW Waveguide 
With a slot cut at a predetermined angle to enable a redirecting 
device to be inserted into the slot in accordance With an 
embodiment of the present invention; 
[0012] FIG. 3a illustrates a one dimensional array of large 
core holloW Waveguides having a re?ective coating and a 
protective layer in accordance With an embodiment of the 
present invention; 
[0013] FIG. 3b illustrates a three dimensional array of large 
core holloW Waveguides having a re?ective coating and a 
protective layer in accordance With an embodiment of the 
present invention; 
[0014] FIG. 4 is a ?oW chart depicting a method for making 
a photonic guiding device for directing coherent light in 
accordance With an embodiment of the present invention; and 
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[0015] FIG. 5 is a ?oW chart depicting a method for guiding 
an optical beam in accordance With an embodiment of the 
present invention. 
[0016] Reference Will noW be made to the exemplary 
embodiments illustrated, and speci?c language Will be used 
herein to describe the same. It Will nevertheless be understood 
that no limitation of the scope of the invention is thereby 
intended. 

Detailed Description of Example Embodiments 

[0017] One method for forming optical interconnects 
betWeen computer chips on a circuit board is to use optical 
Waveguides formed on the circuit board. Optical Waveguides 
can be superior to ?ber optic communications because of the 
ability to form the Waveguides on the circuit board using 
lithographic or similar processes. The Waveguides are typi 
cally formed on the circuit boards With substantially optically 
transparent material, such as polymers and/ or dielectrics. 
Optical Waveguides made using lithographic or similar pro 
cesses can also be formed on other types of substrates that are 
not mounted on a circuit board. For example, optical 
Waveguide(s) may be formed on a ?exible substrate to create 
a ribbon cable having one or more optical Waveguides. The 
optical Waveguides disclosed in this application are formed 
on substrates using lithographic or similar processes. 

[0018] Forming optical Waveguides in this fashion can pro 
vide interconnects that are constructed With the necessary 
physical tolerances to be used on modern multi-layer circuit 
boards. HoWever, the polymers, dielectrics, and other mate 
rials that can be used in chip and circuit board manufacture to 
form the on-board Waveguides are typically signi?cantly 
more lossy than ?ber optics. Indeed, the amount of loss in 
on-board Waveguides has been one of the factors limiting the 
acceptance of optical Waveguide interconnects. Polymers 
used to construct the Waveguides can have a loss of 0.1 dB per 
centimeter. In contrast, the loss in a ?ber optic is around 0.1 
dB per kilometer. Thus, polymer Waveguides can have losses 
that are orders of magnitude greater than the loss in ?ber 
optics. 
[0019] In addition, typical Waveguides are usually manu 
factured to have dimensions that are roughly proportional 
With the Wavelength of light they are designed to carry. For 
example, a single mode Waveguide con?gured to carry 1000 
nm light may have a dimension of 1000 nm to 5000 nm (1 pm 
to 5 pm) for the higher index core region and surrounded by a 
loWer index cladding region. Multimode Waveguides may 
have larger dimensions on the order of 20-60 um for the core 
region. Both single and multimode Waveguides have a rela 
tively high numerical aperture (NA) of around 0.2 to 0.3 for a 
core and clad refractive index contrast of 0.01 to 0.02. The 
numerical aperture determines the divergence of beam from 
the emitting ?ber. Thus, a larger NA Will result in poor cou 
pling as a function of ?ber to ?ber separation. Thus, connect 
ing Waveguides of this siZe can be expensive and challenging. 
[0020] Splitting and tapping of the guided optical beams 
are also di?icult to accomplish using these Waveguides. The 
cost of creating and connecting Waveguides has historically 
reduced their use in most common applications. In accor 
dance With one aspect of the invention, it has been recogniZed 
that an inexpensive photonic guiding device is needed that is 
simpler to interconnect With other Waveguides and optical 
devices and that can signi?cantly reduce the amount of loss in 
an optical Waveguide. 
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[0021] In accordance With an embodiment of the present 
invention, FIGS. 1a through 1e provide an illustration of a 
method of making a photonic guiding device. This optical 
Waveguide is comprised of a holloW core With a high re?ec 
tive cladding layer. It operates on the principle of attenuated 
total internal re?ection different from conventional optical 
Waveguides Which rely on total internal re?ection at the criti 
cal angle formed betWeen the core and clad of the Waveguide. 
FIG. 1a shoWs a host layer 102 being carried by a substrate 
104. The substrate may be comprised of a variety of different 
types of materials. For example, the substrate may be a ?ex 
ible material such as plastic or a printed circuit board mate 
rial. The circuit board material canbe con?gured to be rigid or 
?exible. Alternatively, the substrate may be formed of a semi 
conductor material. 
[0022] The host layer 102 can be formed on top of the 
substrate material. The host layer may also be a type of 
?exible material such as a polymer or a semiconductor mate 
rial to enable the material to be processed using standard 
lithographic processes. A channel 106 can be formed in the 
host layer, as shoWn in FIG. 1b. For example, a dry etching 
process may be used to form the channel. Alternatively, a 
molding or stamping process may be used. The shape of the 
channel can be rectangular, square, circular, or some other 
geometry used to e?iciently transmit coherent light. The 
height 105 and/or Width 107 of the channel can be substan 
tially greater than a Wavelength of the coherent light that is 
directed in the photonic guiding device. For example, the 
height or Width may be 50 to over 100 times greater than the 
Wavelength of the coherent light. 
[0023] To facilitate a reduction in scattering of the coherent 
light Within the photonic guiding device, the Walls of the 
channel can be smoothed to reduce or eliminate roughness. 
Ideally, any extruding features along the Walls should be less 
than a Wavelength of the coherent light. The Walls of the 
channel can be smoothed using a heat re?oW process. This 
process entails heating the host and substrate material to a 
temperature that Would enable irregular rough features left 
over from etching or stamping the channel to be substantially 
reduced or eliminated. The temperature at Which the heat 
re?oW process is optimal is dependent on the type of material 
used to form the host 102 and substrate 104 layers. 
[0024] In order to increase the re?ectivity Within the chan 
nel, a re?ective coating 108 (FIG. 10) may be added to cover 
an interior of the channel 106 in the host layer 102. The 
re?ective coating can be formedusing a plating, sputtering, or 
similar process, as can be appreciated. If the host material 102 
comprises a polymer or other material With a loW melting 
point, the re?ective coating may be applied using a loW tem 
perature process such as electroplating, sputtering or thermal 
evaporation. 
[0025] The re?ective coating 108 can be comprised of one 
or more layers of metals, dielectrics, or other materials that 
are substantially re?ective at the Wavelength of the coherent 
light. The metals can be selected based on their re?ectivity. A 
highly re?ective layer covering the channel is desired. For 
example, the re?ective layer may be formed using silver, 
gold, aluminum, platinum, or some other metal or alloy that 
can form the highly re?ective layer. An adhesion layer such as 
titanium may also be used to help the adhesion of the re?ec 
tive metal to the ho st material 102 . Alternatively, the re?ective 
layer may be a dielectric stack Which can be formed from one 
or more layers of dielectric material that is substantially 
re?ective at a selected Wavelength. The re?ective layer may 
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also undergo a heat re?oW or similar process to smooth rough 
anomalies in the re?ective layer that may occur during the 
deposition process. Electro-polishing may also be used to 
yield a smooth mirror ?nish. 

[0026] If the photonic guiding device is not protected, the 
re?ective coating 1 08 may oxidiZe over time. Oxidation of the 
re?ective coating can substantially reduce its re?ectivity. To 
reduce or eliminate degradation of the metal coating’s re?ec 
tivity, a protective layer 110 can be formed over the re?ective 
coating to act as a sealant. The protective layer can comprise 
a material that is substantially transparent at the Wavelength 
of the coherent light. For example, the protective layer can be 
formed of silicon dioxide or some other material that can form 
a substantially air tight bond over the re?ective coating. 
Moreover, the thickness and index of the coating layer is 
chosen so as to further reduce the propagation loss in the 
Waveguide by separating the light beam from the more lossy 
metal layer. 
[0027] The channel 106, re?ective coating 108, and protec 
tive layer 110 can form a base portion 130 of the photonic 
guiding device, as shoWn in FIG. 1d. A lid portion 120 can be 
formed of a cover material 122 that is layered With a re?ective 
coating 124 and a protective layer 126 con?gured to protect 
the re?ective coating on the lid portion from oxidiZing. The 
re?ective coating and the protective layer can be formed using 
the same materials as previously discussed in the base por 
tion. Alternatively, different materials may be used based on 
desired properties of the lid portion. 
[0028] The cover material can be formed of a material 
con?gured to receive the re?ective coating and the protective 
layer. A ?exible material may be selected that Will alloW the 
photonic guiding device to be ?exible. For example, the pho 
tonic guiding device may be formed as a ribbon cable that can 
be used to interconnect electronic or optical devices. 

[0029] After the lid portion 120 has been formed, the lid 
portion can be laminated or bonded to the base portion 130, as 
illustrated in FIG. 1e. When the lid portion is bonded to the 
base portion, a large core holloW Waveguide 150 is formed. 
The large core holloW Waveguide has a re?ective coating 108 
covering an interior of the holloW Waveguide. The re?ective 
coating enables light to be re?ected from a surface of the 
metal coating to reduce attenuation of laser light as it is 
directed through the Waveguide. 
[0030] FIG. 2a illustrates a block diagram of a photonic 
guiding device. The photonic guiding device can be coupled 
to a multi-mode laser 210. Single mode lasers can be substan 
tially more expensive than multi-mode lasers. Thus, using a 
multi-mode laser can substantially reduce the cost of the 
overall system. One draWback of using a multi-mode laser, 
hoWever, is that a signi?cant portion of the laser light may be 
emitted from the laser at fairly large angles relative to a 
direction the light is emitted. The higher the mode of the laser 
light, the greater the angle that it is emitted from the laser. 
Light that is emitted at a large angle Will re?ect more often 
Within the large core holloW Waveguide 230. The greater the 
number of re?ections, the more the light Will be attenuated 
Within the Waveguide. Thus, higher modes may be substan 
tially attenuated Within the Waveguide. 
[0031] HolloW Waveguides having re?ective surfaces oper 
ate differently than solid Waveguides. HolloW Waveguides 
guide light through re?ection from the re?ective layer(s) and 
not through total internal re?ection, as typically occurs in 
solid Waveguides such as an optical ?ber. The light Within the 
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hollow Waveguide may be re?ected at an angle less than What 
is necessary for total internal re?ection, as canbe appreciated. 

[0032] For a circular hollow Waveguide, the TEOl mode has 
an attenuation per unit length that can be determined accord 
ing to equation 1: 

5 (mg/m2 (1) 
[15: 

Where a is the Waveguide radius, 00 is the frequency of the light 
in radians, 006 is the TEOl cut-off frequency, 6 is the depth of 
penetration of the light into the metal, [1. is the permeability, 
and 11 is the impedance of free space. This attenuation is due 
to the ?nite conductivity of the metal Walls. RS is the surface 
resistivity of the metal and is given by: 

(2) 

Where (I is the conductivity and f is frequency of light. It can 
be seen that RS increases as the square root of f. 

[0033] From equation (1) above, it can be seen that the 
attenuation for the TEOl mode decreases With increasing fre 
quency. The decrease in attenuation at increasing frequencies 
occurs because the mode is not coupled to the guide Walls at 
high frequencies. Other modes may couple to the Waveguide 
Walls and can attenuate the TEOl mode at Waveguide bends 
and discontinuities due to mode conversion. 

[0034] To overcome the attenuation of the higher modes 
emitted from the multi-mode laser 210, a collimator 220 can 
be placed Within a path of the laser beam from the multi-mode 
laser. The collimator can be a collimating lens such as a ball 
lens With an anti-re?ective coating. The collimator is con?g 
ured to collimate the multi-mode beam emitted from the laser 
into a parallel beam before it enters the large core holloW 
Waveguide 230. In this Way, the beam just graZes the re?ective 
layer suffering only a feW bounces as it propagates Within the 
Waveguide. The collimator provides that substantially any 
re?ections that do occur Will typically be at a relatively shal 
loW angle With respect to the Waveguide Walls, thus minimiZ 
ing the number of re?ections Within the Waveguide and there 
fore reducing the attenuation of the light Within the holloW 
Waveguide. As a result, the loW loss mode propagating in the 
holloW Waveguide has an extremely small numerical aper 
ture. This property alloWs the insertion of optical splitters into 
these Waveguides With little excess loss. 

[0035] For example, a multimode coherent beam of 850 nm 
light can be transmitted through the large core Waveguide 
having a re?ective coating With a loss on the order of 0.07 
dB/cm. The losses of the Waveguide can scale With its siZe. 
Smaller siZe Waveguides can have higher losses due to the 
greater number of internal re?ections (bounces) in the 
Waveguide. Thus, larger Waveguides may be used to reduce 
loss. 

[0036] Larger Waveguides, on the order of 50 micrometers 
(um) to 250 um are easier and less costly to connect due to the 
higher tolerances of the large Waveguides. Use of a collimat 
ing lens to direct multi-mode coherent light through the large 
core Waveguide can also substantially reduce the cost of the 

Feb. 5, 2009 

overall photonic guiding device. Multimode lasers are sig 
ni?cantly less expensive than their single mode counterparts. 
[0037] Accordingly, the photonic guiding device compris 
ing a large core holloW Waveguide With internal re?ective 
surfaces that is coupled to a collimator con?gured to colli 
mate multi-mode coherent light directed into the Waveguide 
can serve as a relatively inexpensive, loW loss means for 
interconnecting components on one or more printed circuit 
boards. The loW loss of the guiding device enables the device 
to be more commonly used in commodity products, such as 
interconnecting electronic circuitry optically. 
[0038] Electronic circuitry can include electrical circuitry, 
Wherein electrical signals transmitted from the circuitry are 
converted to optical signals and vice versa. Electronic cir 
cuitry can also include optical circuitry that can communicate 
directly using optical signals Without a need for conversion. 
The electronic circuitry may be contained on a single circuit 
board. Alternatively, the electronic circuitry may be located 
on tWo or more separate circuit boards, and the Waveguide can 
be used to interconnect the boards. It is also relatively easy to 
tap and direct the optical signals from these Waveguides 
through the use of a tilted semi-re?ecting surface. This is 
rather di?icult for conventional Waveguides to achieve due to 
the larger numerical aperture of conventional Waveguides. 
[0039] For example, FIG. 2b shoWs a large core holloW 
Waveguide 230 With internal re?ective surfaces. The holloW 
Waveguide is used to couple tWo circuit boards 240. The 
larger Waveguide can reduce the cost of interconnecting the 
Waveguide betWeen the boards, as previously discussed. The 
re?ective surfaces Within the Waveguide can reduce loss, 
enabling a loW poWer signal of coherent light to be transmit 
ted through the Waveguide to the adjoining circuit board. An 
inexpensive multi-mode laser, located on one or both of the 
circuit boards, can be used to transmit the coherent light. A 
collimating lens can be included on one or both of the circuit 
boards and optically coupled to the Waveguide. The collimat 
ing lens can reduce the losses of higher modes of light caused 
by multiple re?ections. The holloW Waveguide 230 intercon 
nect may be con?gured to be coupled betWeen the boards in a 
manufacturing process. Alternatively, the holloW Waveguide 
may be formed as a connector and/or cable that can be con 
nected to the boards after they are manufactured. 

[0040] The holloW Waveguide 230 With internal re?ective 
surfaces may also be used to interconnect electronic compo 
nents 245 on a single circuit board 240, as shoWn in FIG. 20. 
An electronic component may be used to redirect the light 
from one Waveguide to another. Alternatively, ninety degree 
turns are relatively easy to achieve by inserting a redirecting 
device 248 at an angle of approximately 45 degrees from the 
beam. A slot 252 may be cut in the holloW Waveguide 230 
using, for example, a dicing saW, as shoWn in FIG. 2d. The slot 
may continue into the substrate to provide added structural 
support to attach the redirecting device. The redirecting 
device may be coupled to the Waveguide using adhesive. The 
redirecting device may be a mirror, as can be appreciated. 
Alternatively, an optical beam splitter, an aperture, a semi 
transparent mirror, a diffractive grating, or a scatterer or simi 
lar type of optical device may also be used in place of the 
mirror if only a portion of the light is desired to be redirected. 
[0041] The large core Waveguides can also be formed in an 
array to enable multiple signals to be directed. For example, 
FIG. 3a illustrates a one dimensional array 300 of holloW 
Waveguides 330. Each Waveguide can be surrounded by a 
re?ective material 302, as previously discussed. The re?ec 
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tive material can be coated With a protective 304 to reduce 
oxidation. The array of Waveguides can be constructed on a 
substrate or host material 308. 

[0042] FIG. 3b illustrates an array 300 of holloW 
Waveguides 330 coupled to a circuit board. The circuit board 
can act as the substrate 308 to Which each holloW Waveguide 
in the array can be attached. In one embodiment, the circuit 
board can be con?gured as an optical backplane 325. Multi 
mode coherent light can be directed into each of the 
Waveguides using a collimator, as previously discussed. A 
coupling device 322, such as an optical splitter, can be con 
?gured to direct at least a portion of the guided multi-mode 
coherent light beam out of the Waveguide at a selected loca 
tion. Ideally, the optical splitters must be thin enough so as to 
prevent the beam from Walking off. For example, a 200 pm 
thick beam splitter can result in a beam Walk-off of about 60 
pm. This Walk-off Will result in higher propagation loss. 
Beam Walk-off can be reduced by using beam splitters With a 
shorter optical path, such as a splitter that is approximately 5 
pm thick, Which Will result in a Walk-off of less than 1.5 pm. 
Thus splitters that are less than 25 um thick are preferred. The 
beam splitter(s) can be inserted by forming a slot in the 
holloW Waveguide, as previously discussed and illustrated in 
FIG. 2d. For example, as shoWn in FIG. 3b, the coupling 
device can be used to redirect at least a portion of the coherent 
light in the holloW Waveguide to an optically coupled large 
core holloW Waveguide 324 that is outside the plane of the 
circuit board. The optically coupled Waveguide may be 
orthogonal to the backplane, although substantially any angle 
may be used. 
[0043] Redirecting the multi-mode coherent light out of the 
plane of the circuit board can enable a plurality of circuit 
cards, such as daughter boards 320, to be optically coupled to 
a backplane 325. High data rate information that is encoded 
on the coherent light signal can be redirected or distributed 
from the backplane to the plurality of daughter boards. 
[0044] The large core holloW Waveguides With a re?ective 
interior coating enable transmission of high data rate infor 
mation to a plurality of different boards. The loW loss of the 
holloW Waveguides enables a single optical signal to be routed 
into multiple other Waveguides, as shoWn in FIG. 3b. The 
multi-mode coherent light beam that is guided through each 
Waveguide can carry data at a rate of tens of gigabits per 
second or higher. The light beam essentially propagates at the 
speed of light since the index of the mode is nearly unity, 
resulting in a substantially minimal propagation delay. The 
optical interconnects enabled by the holloW Waveguides pro 
vide an inexpensive means for substantially increasing 
throughput betWeen chips and circuit boards. 
[0045] Another embodiment provides method 400 for mak 
ing a photonic guiding device for directing coherent light, as 
illustrated in the ?oW chart in FIG. 4. The method includes the 
operation of forming 410 a channel in a substrate to form a 
Waveguide con?gured to interconnect electronic circuitry on 
a circuit board. The channel has at least one of a Width and a 
height that is substantially larger than a Wavelength of the 
coherent light. The electronic circuitry may be located on a 
single circuit board, or on separate circuit boards. The chan 
nel formed in the substrate has a height and/ or Width that is 
substantially larger than a Wavelength of the coherent light. 
The relatively large siZe of the Waveguide alloWs the light to 
be directed through the Waveguide using the properties of 
re?ection rather than total internal re?ection, as previously 
discussed. The channel can be formed to have any desired 
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shape. For example, the channel may have a cross sectional 
shape that is square or rectangular. Certain shapes, such as 
circular or elliptical, may provide less loss due to multiple 
re?ections. The channel can be etched or stamped into the 
substrate. The substrate can be formed of materials such as 
polymers or semiconducting material. The substrate may be a 
layer of a printed circuit board. The substrate may also be a 
host material located on a printed circuit board. 
[0046] A further operation in the method 400 provides 
applying 420 a layer of a highly re?ective material to sub 
stantially cover an interior of the channel. The re?ective mate 
rial can be selected based on its re?ective properties, as pre 
viously discussed. An additional operation provides coupling 
430 a cover over the channel to form a large core holloW 
Waveguide, Wherein the cover includes a layer of the highly 
re?ective material. A protective layer may also be added over 
the re?ective material to reduce oxidation. 
[0047] An additional operation includes optically connect 
ing 440 a collimating lens to the large core holloW Waveguide 
to enable multiple modes of multi-mode coherent light to be 
directed in a parallel beam through the Waveguide. Directing 
the multiple modes in parallel through the Waveguide excites 
the loWest loss mode in the Waveguide. 
[0048] Another embodiment of the present invention pro 
vides a method 500 for guiding an optical beam, as illustrated 
in the ?oWchart of FIG. 5. The method includes the operation 
of collimating 510 a multi-mode coherent light beam. The 
beam may be collimated using a collimating lens. An addi 
tional operation provides directing 520 the collimated multi 
mode coherent light beam into a large core holloW Waveguide 
having a re?ective coating covering an interior portion of the 
Waveguide. The large core holloW Waveguide is con?gured to 
interconnect electronic circuitry on a circuit board. Collimat 
ing the multi-mode beam enables a plurality of the modes 
emitted by a multi-mode laser to be directed through the 
holloW Waveguide With a substantially reduced amount of 
loss due to multiple re?ections. 
[0049] While the forgoing examples are illustrative of the 
principles of the present invention in one or more particular 
applications, it Will be apparent to those of ordinary skill in 
the art that numerous modi?cations in form, usage and details 
of implementation can be made Without the exercise of inven 
tive faculty, and Without departing from the principles and 
concepts of the invention. Accordingly, it is not intended that 
the invention be limited, except as by the claims set forth 
beloW. 

1. A photonic guiding system, comprising: 
a large core holloW Waveguide coupled to a circuit board 

located in a plane; 
a re?ective coating covering an interior of the holloW 

Waveguide, Wherein the re?ective coating provides a 
high re?ectivity to enable light to be re?ected from a 
surface of the re?ective coating; 

a protective layer applied over the re?ective coating to 
substantially reduce oxidation of the re?ective coating, 
Wherein the protective layer is substantially transparent 
at a Wavelength of the coherent light; and 

a collimator con?gured to collimate a multi-mode coherent 
light beam directed into the holloW Waveguide to enable 
the multi-mode coherent light beam to be guided 
through the holloW Waveguide With a reduced number of 
re?ections of the multi-mode coherent light inside the 
holloW Waveguide to decrease loss of the multi-mode 
coherent light beam through the Waveguide. 
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2. A photonic guiding system as in claim 1, further com 
prising a coupling device con?gured to direct at least a por 
tion of the guided multi-mode coherent light beam to an 
optically coupled large core holloW Waveguide that is outside 
the plane of the circuit board. 

3. A photonic guiding system as in claim 2, Wherein the 
coupling device is selected from a group consisting of an 
optical beam splitter, an aperture, a semi transparent mirror, a 
diffractive grating, or a scatterer. 

4. (canceled) 
5. (canceled) 
6. A photonic guiding system as in claim 1, Wherein the 

coherent light has a Wavelength of less than 900 nanometers. 
7. A photonic guiding system as in claim 1, further com 

prising a multi-mode laser con?gured to provide multi-mode 
coherent light to be directed into the holloW Waveguide. 

8. A photonic guiding system as in claim 1, Wherein the 
large core holloW Waveguide has a cross-sectional shape 
selected from the group consisting of square, rectangular, 
circular, and elliptical. 

Feb. 5, 2009 

9. A photonic guiding system as in claim 1, Wherein the 
re?ective coating is comprised of one or more metal layers. 

10. A photonic guiding system as in claim 1, Wherein the 
re?ective coating is a dielectric stack comprised of one or 
more dielectric layers. 

11. A photonic guiding system as in claim 1, Wherein the 
large core holloW Waveguide is con?gured to interconnect 
electronic circuitry located on at least tWo separate circuit 
boards. 

12. A photonic guiding system as in claim 1, Wherein the 
large core holloW Waveguide is con?gured to interconnect 
electronic circuitry located on a single circuit board. 

13. A photonic guiding system as in claim 1, further com 
prising an array of large core holloW Waveguides con?gured 
to direct multi-mode coherent light. 

14. A photonic guiding system as in claim 1, Wherein the 
photonic guiding device creates a loss of less than 0.1 dB/cm 
as the coherent light passes through the large core Waveguide. 

15-24. (canceled) 


