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INTERFEROMETRIC OPTICAL DEVICE 
INCLUDING AN OPTICAL RESONATOR 

0001. This application is a continuation-in-part of appli 
cation Ser. No. 09/338,925 filed Jun. 23, 1999 entitled 
Interferometric Optical Device Including a Resonant Optical 
Cavity which is a Continuation-in-Part of application Ser. 
No. 09/275,962 filed Mar. 25, 1999 entitled Interferometric 
Optical Device Including a Resonant Optical Cavity. 

FIELD OF THE INVENTION 

0002 This invention relates to generally to a multi-port 
optical cavity and more particularly to an optical cavity 
having at least three-ports and use thereof. 

BACKGROUND OF THE INVENTION 

0003). Using optical signals as a means of carrying chan 
neled information at high Speeds through an optical path 
Such as an optical waveguide i.e. optical fibres, is preferable 
over other Schemes Such as those using microwave links, 
coaxial cables, and twisted copper wires, Since in the former, 
propagation loSS is lower, and optical Systems are immune to 
Electro-Magnetic Interference (EMI), and have higher chan 
nel capacities. High-speed optical Systems have Signaling 
rates of Several mega-bits per Second to Several tens of 
giga-bits per Second. 
0004 Optical communication systems are nearly ubiqui 
tous in communication networks. The expression herein 
"Optical communication System' relates to any System that 
uses optical Signals at any wavelength to convey information 
between two points through any optical path. Optical com 
munication Systems are described for example, in Gower, 
Ed. Optical communication Systems, (Prentice Hall, NY) 
1993, and by P. E. Green, Jr in “Fiber optic networks” 
(Prentice Hall New Jersey) 1993, which are incorporated 
herein by reference. 
0005. As communication capacity is further increased to 
transmit an ever-increasing amount of information on opti 
cal fibres, data transmission rates increase and available 
bandwidth becomes a Scarce resource. 

0006 High speed data signals are plural signals that are 
formed by the aggregation (or multiplexing) of Several data 
Streams to share a transmission medium for transmitting data 
to a distant location. Wavelength Division Multiplexing 
(WDM) is commonly used in optical communications sys 
tems as means to more efficiently use available resources. In 
WDM each high-speed data channel transmits its informa 
tion at a pre-allocated wavelength on a single optical 
waveguide. At a receiver end, channels of different wave 
lengths are generally Separated by narrow band filters and 
then detected or used for further processing. In practice, the 
number of channels that can be carried by a Single optical 
waveguide in a WDM system is limited by crosstalk, narrow 
operating bandwidth of optical amplifiers and/or optical 
fiber non-linearities. Moreover Such Systems require an 
accurate band Selection, Stable tunable laserS or filters, and 
spectral purity that increase the cost of WDM systems and 
add to their complexity. This invention relates to a method 
and System for filtering or Separating closely spaced chan 
nels that would otherwise not be suitably filtered by con 
ventional optical filters. 
0007 Currently, internationally agreed upon channel 
spacing for high-speed optical transmission Systems, is 100 
Ghz, equivalent to 0.8 nm, Surpassing, for example 200 Ghz 
channel spacing equivalent to 1.6 nanometers between adja 
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cent channels. Of course, as the Separation in wavelength 
between adjacent channels decreases, the requirement for 
more precise demultiplexing circuitry capable of ultra-nar 
row-band filtering, absent crosstalk, increases. The use of 
conventional dichroic filters to Separate channels Spaced by 
0.4 nm or less without croSStalk, is not practicable, Such 
filters being difficult if not impossible to manufacture. 

0008. In a paper entitled Multifunction optical filter with 
a Michelson-Gires-Turnois interferometer for wavelength 
division-multiplexed network System applications, by Ben 
jamin B. Dingle and Masayuki Izutsu published 1998, by the 
Optical Society of America, a device hereafter termed the 
GT device provides some of the functionality provided by 
the instant invention. For example, the GT device as exem 
plified in FIG. 1 serves as a narrow band wavelength 
demultiplexor; this device relies on interfering a reflected 
E-field with an E-field reflected by a plane mirror 16. The 
etalon 10 used has a 99.9% reflective back reflector 12r and 
a front reflector 12fhaving a reflectivity of about 10%; hence 
an output signal from only the front reflector 12f is utilized. 
A beam splitting prism (BSP) 18 is disposed to receive an 
incident beam and to direct the incident beam to the etalon 
10. The BSP 18 further receives light returning from the 
etalon and provides a portion of that light to the plane mirror 
16 and a remaining portion to an output port. Although this 
known GT device appears to perform its intended function, 
it appears to have certain limitations: AS opposed to the 
device of the instant invention which has a phase difference 
between transmitted and reflected E-fields of 0 and JL radi 
ans, the GT as can be seen in the graph of FIG. 1b has some 
variation in phase between 0 and tradians. Furthermore, in 
the GT device a finite optical path difference is required in 
the interferometer to produce an output response that mimics 
the one provided by the device of the instant invention. 
Typically for a 50 GHz free spectral range (FSR) this optical 
path difference would be a few millimeters; in contrast in the 
instant invention the optical phase difference need only be 
approximately 2/4 resulting in a more temperature Stable 
and insensitive system. One further limitation of the GT 
device is its apparent requirement in the Stabilization of both 
the etalon and the interferometer. Yet a further drawback to 
the GT device is the requirement for an optical circulator to 
extract the output Signal adding to Signals loSS and increased 
cost of the device; and the requirement of a BSP which is 
known to have a Significant polarization dependent loss. 
FIG. 1a shows a graph with a linear plot of the phase 
difference between the two reflected E-fields from the GT 
and a mirror with an optical path difference. Further, the 
graph shows a linear plot of phase variation of reflected light 
from the GT. A reflection profile is also shown in a loga 
rithmic plot, and a Straight sloped dotted line is a linear plot 
of a GT with a finite optical path difference. 

0009. It is an object of this invention to provide a method 
and circuit for Separating an optical Signal having closely 
Spaced channels into at least two optical Signals wherein 
channel spacing between adjacent channels is greater in each 
of the at least two optical Signals, thereby requiring leSS 
precise filters to demultiplex channels carried by each of the 
at least two signals. 

0010. The present invention is believed to overcome 
many of the limitations of the prior art GT device and of 
other known multiplexing and demultiplexing devices. 
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0011. It is an object of this invention to provide a rela 
tively inexpensive optical circuit for interleaving or de 
interleaving optical channels. 

0012. It is an object of this invention to provide an etalon 
based device wherein output signals from two oppositely 
disposed ports can be controllably interferometrically com 
bined to yield a desired output response. 

SUMMARY OF THE INVENTION 

0013 In accordance with the invention, a filtering device 
is provided comprising an optical resonator having a first 
and a Second waveguide coupled thereto, one of the first and 
the Second waveguides having an end for receiving an input 
Signal to be filtered, the first and the Second waveguide being 
optically coupled with the optical resonator at a first and 
Second location respectively, for allowing light to couple 
into the resonator from one or more of the waveguides and 
or into one or more of the waveguides from the resonator; an 
optical coupler for coupling light within the two waveguides 
between Said waveguides, the coupler being at a location 
along the waveguides Such that output ends of the 
waveguides provide a filtering of Said input light. 

0.014. In accordance with the invention, there is further 
provided a filtering device comprising an optical ring reso 
nator having a first and a Second waveguide coupled thereto, 
one of the first and the Second waveguides having an end for 
receiving an input Signal to be filtered, the first and the 
Second waveguide being optically coupled with the optical 
resonator at a first and Second location respectively, for 
allowing light to couple into the ring resonator from one or 
more of the waveguides and or into one or more of the 
waveguides from the resonator; a 50:50 optical coupler for 
coupling light within the two waveguides between said 
waveguides, the coupler being at a location along the 
waveguides Such that output ends of the waveguides provide 
a filtering of Said input light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.015 Exemplary embodiments of the invention will now 
be described in conjunction with the drawings in which: 

0016 FIG. 1 is a circuit block diagram of a prior art 
Michelson-Gires-Tournois interferometer; 

0017 FIG. 1a is logarithmic graph plotting phase versus 
wavelength for a two output Michelson-Gires-Tournois 
interferometer; 

0.018 FIG. 1b is a graph of a simulated output response 
of a Michelson-Gires-Tournois interferometer; 

0.019 FIG. 2 is a circuit block diagram of a single etalon 
interferometric Structure in accordance with the invention; 

0020 FIG. 2a is a graph plotting phase versus wave 
length for a two output etalon in accordance with this 
invention; 

0021 FIG. 3 is a more detailed diagram of the etalon 
shown in FIG. 2 in accordance with the invention; 

0022 FIG. 4a is a circuit block diagram of an alternative 
embodiment of the structure shown in FIG. 2, wherein two 
light transmissive blocks are utilized as combining regions, 
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0023 FIG. 4b is a circuit block diagram similar to the 
one shown in FIG. 4a, wherein the circuit is operated in a 
reverse mode of operation; 

0024 FIG. 4c is a similar circuit block diagram to FIGS. 
4a and 4b, wherein a fourth port is added; 
0025 FIG. 5 is a detailed block diagram depicting a 
preferred embodiment similar to the one shown in FIGS. 4a 
to 4c, 
0026 FIG. 6a is a graph of an output response of phase 
versus wavelength for a multi-cavity etalon shown in FIG. 
6c. 

0027 FIG. 6b is a graph depicting the output response of 
a single cavity etalon and of a multiple cavity etalon, 

0028 FIG. 6c is a circuit diagram of an alternative 
embodiment of the invention wherein a multi-cavity etalon 
is used; 

0029 FIG. 7 is a graph depicting a linearized intensity 
output response of an alternative embodiment of the inven 
tion; 
0030 FIG. 8 is a graph depicting a an output response of 
an alternative embodiment of the invention where the reflec 
tivities and phase are Selected Such that a band pass filter is 
provided; 

0031 FIG. 9 is a circuit diagram of an alternative 
embodiment of the invention wherein planar waveguide 
technology is utilized; 
0032 FIG. 10 is a more detailed schematic diagram of an 
MMI coupler used in the circuit of FIG. 9 wherein the 
operation is of the coupler is described in accordance with 
this figure; 

0033 FIG. 11 is a circuit diagram of an alternative 
embodiment of the invention to that shown in FIG. 9, 
wherein two etalons are created by providing regions within 
the planar waveguide having a different refractive index than 
in an adjacent region; 

0034 FIG. 12 is a block circuit diagram of ring resonator 
used and is a functional equivalent to the Fabry-Perót 
resonator shown in previous embodiments, 
0035 FIG. 13 is a block circuit diagram of yet an 
alternative embodiment of the invention wherein ring reso 
nator is utilized; 

0036 FIG. 14 is a graph of transmission versus relative 
wavelength showing Spectral amplitude response of the two 
outputs a, and a of the ring resonator, and 
0037 FIG. 15 is a graph of the spectral phase response 
of the two outputs of the ring resonator respectively; 

0038 FIG. 16 is a graph of phase difference versus 
relative wavelength between the two outputs a, and a of the 
ring resonator showing the phase difference alternating 
between -7L/2 and +1/2 over consecutive wavelength chan 
nels equivalent fo the FSR of the ring resonator; 
0039 FIG. 17 is a graph of transmission versus relative 
wavelength depicting the Spectral transmissions of the two 
interleaved signals at and at at respective outputs of the 
coupler interferometer; 
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0040 FIG. 18 is a circuit diagram of the basic circuit 
shown in FIG. 11 wherein a region of the waveguide 
between the first coupler and the third coupler is doped to 
become more light Sensitive to effect a controlled refractive 
indeX change by being irradiated by a light Source; 
0041 FIG. 19 is a circuit diagram of a circuit shown in 
accordance with an embodiment of the invention for pro 
Viding a de-interleaver/interleaver function; 
0.042 FIG. 20a is a circuit diagram of a portion of the 
circuit shown in FIG. 19, and, 

0043 FIGS. 20b and 20c are circuit diagrams of portion 
of the circuit shown in FIG. 19. 

DETAILED DESCRIPTION 

0044) In general, the spectral characteristics of an etalon 
filter are determined by the reflectivity and gap spacing of 
the mirrors or reflective surfaces. The Fabry-Perót principle 
allows a wideband optical beam to be filtered whereby only 
periodic spectral passbands are Substantially transmitted out 
of the filter. Conversely, if the reflectivity of the mirrors or 
reflective Surfaces are Selected appropriately, periodic Spec 
tral passbands Shifted by d nanometers are Substantially 
reflected backwards from the input mirror Surface. In adjust 
able Fabry-Perót devices, such as one disclosed in U.S. Pat. 
No. 5,283,845 in the name of Ip, assigned to JDS Fitel Inc, 
tuning of the center wavelength of the Spectral passband is 
achieved typically by varying the effective cavity length 
(spacing). 
0.045 Referring now to FIG. 2, an optical circuit is 
shown for demultiplexing a channeled optical signal, that is, 
a signal comprising multiplexed closely spaced channels, 
into a plurality of leSS-dense channeled signals each com 
prising a plurality of multiplexed leSS closely spaced chan 
nels. Operating the circuit in a first direction wherein the 
circuit performs a multiplexing function on a plurality of 
channels launched into an end of the circuit, it is an 
interleaver circuit, and in an opposite direction wherein the 
circuit performs a demultiplexing function on a composite 
Signal launched therein at an opposite end to provide a 
plurality of demultiplexed channels it serves as a de-inter 
leaver circuit. However, the term interleaver circuit shall be 
used hereafter to denote this interleaver/de-interleaver cir 
cuit. One Such interleaver circuit is disclosed as a comb 
splitting filter in U.S. Pat. No. 5,680,490 in the name of 
Cohen. 

0.046 Referring now to FIGS. 2, an optical interleaver 
circuit is shown including a 3-port optical cavity in the form 
of a Fabry-Perót etalon filter 110 (shown in more detail in 
FIG. 3) having a first partially reflective end face 110a and 
a second partially reflective end face 110b. The Fabry-Perót 
etalon has an input port 101 at end face 110b, a second port 
102 at the Fabry-Perót etalon filter reflection end face 110, 
and a third port 103 coupled to a transmission end face 110a 
serving as an output port. The Fabry-Perót etalon filter 110 
has two partially reflective mirrors, or Surfaces, facing each 
other and Separated by a certain fixed gap which forms a 
cavity. 
0047 A phase shifter for controllably delaying an optical 
Signal passing therethrough is optically coupled with the 
third port 103 at an end of the Fabry-Perót etalon 110. A 
50/50 splitter 119 is disposed between and optically coupled 
with an output end of the phase shifter 117 and the second 
port 102 of the Fabry-Perót etalon 110. Although shown 
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Schematically as having waveguides, for example, optical 
fibres for directing Signals from the etalon to the phase 
shifter 117 and splitter 119, less preferable free space 
implementations using mirrors or reflectors are within the 
capability of one skilled in the art. Of course coupling lenses 
(not shown) such as GRIN lenses are preferred for coupling 
light from and or to optical fibres from particular compo 
nentS. 

0048. The inventor has recently noticed that a phase 
difference between the reflected and transmitted E-field 
phase from an etalon, for example, the etalon 110, remains 
constant under certain circumstances. Furthermore, when 
input light is launched into the input port 101 of the etalon, 
the phase difference between the a resulting Signal exiting 
the end face 103 and a resulting Signal exiting the end face 
102 is either 0 or at radians, and changes on every spectral 
transmission resonance. This is illustrated in FIG. 2a, where 
phase is plotted versus wavelength. The locking of the phase 
difference between transmitted and reflected E-fields occurs 
due to multiple interference effects within the etalon. 
0049. This invention utilizes this feature by interfering 
the two resulting Signals, by way of example, So that a flat 
Spectral passband filter can be realized. By adjusting the 
phase relationship between the two Signals exiting opposing 
faces of the Fabry-Perót etalon 110, and subsequently inter 
fering these signals, various desired output responses can be 
realized. Of course, optionally, additional control can be 
added to either attenuate or amplify one of or both of the two 
Signals. Since the path length difference between the optical 
fibres between port 2 of the etalon 110 and the 50/50 splitter 
119 and between port 3 of the etalon 110 and the 50/50 
splitter will likely be other than Zero or some exact multiple 
of the free Spectral range of the etalon, provision of the phase 
shifter 117 ensures a means of adjusting for unwanted or 
desired phase differences due to path length differences. 
0050. If no inherent phase difference is created between 
the two arms of the interferometer, that is, between the paths 
between the etalon 110 and the splitter 119, the following 
outputs will be obtained. 

0051) Output from port 3: Else'--Ee"? 
0052) Output from port 2: Ele'--Ese ("? 

0053 Where 0R and 0T are the reflected and transmitted 
phases created by the etalon. The interferometric output will 
be given by the general expression: 

0054 Where A0 represents the phase difference between 
the two E-fields. If 0R=0T then the phase difference for both 
outputs will be JL/2. Also if 0R-0T=t then again the phase 
difference for both the outputs would be 1/2. Thus, the 
interferometric action that is desired does not exist. 

0055. However, a 1/2 phase difference is provided in the 
interferometric arms then the two outputs would be given 
by: 

0056 Output from port 3: Else'--Ee' 
0057 Output from port 2: Ee"?)--Ese ("? 

0058 As can be seen from above the outputs from the 
interferometer now have a tphase shift, which indicates that 
useful or a desired interferometric action between the two 
Signals can exist. The phase difference for the output at port 
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3 and the output at port 2 would be 0R-T and 0R-0T-It 
respectively. If 0R=0T then the phase difference for output 
the output at port 3 and 2 would be 0 and It respectively. For 
0R-0T=It then output at port 3 and 2 would have a phase 
difference of L and 0 respectively. Thus channel selection 
can be realized. 

0059. The circuit can operate as a de-interleaver filter, 
providing the Separation of odd channels at one output of the 
Splitter and even channels at a Second output of the Splitter. 
0060. By changing the phase relationship between the 
Signals in the two arms of the circuit, being fed to the Splitter, 
and by changing the reflectivities of the end faces of the 
etalon, for example to have 60% and 1% reflectivities, the 
interleaving function disappears and the circuit operates to 
provide a linearized output. Such a linearized output signal 
is useful in Such applications as wavelength locking, where 
a linear ramped signal is desired. Furthermore, if the two 
output Signals are Subtracted from one another, the effect is 
further enhanced Since no loSS of the Signal will be induced. 
0061 Turning now to FIGS. 4a through 4c, an optical 
device is shown in accordance with the invention embody 
ing a free-space device wherein unguided collimated light 
propagates within the device. The interleaver/de-interleaver 
shown has two glass interferometric end plates 42 having a 
Spacer disposed therebetween. The Spacer region between 
the two interferometric end plates 42 has a 50/50 coating 
(shown) except for where a dotted line is shown. This dotted 
line represents the region between the plates 42 where the 
etalon is formed (not shown in detail) of two at least partially 
reflecting Surfaces having an air gap there between having a 
predetermined dimension of >5), defining the free spectral 
range of the etalon. Graded index (GRIN) lenses 40a, 
through 40c in FIGS. 4a and 4b serve to provide collimated 
light through and between the end plates 42, and Serve as 
focusing lenses at output ports. Mirrors 41a and 41b, are 
disposed at ends of the plates 42 to direct the beam toward 
a particular port. For example, light launched into an input 
port at lens 4.0a is directed at the etalon between the plates. 
About 50% of the light is transmitted through the front end 
of the etalon and follows a path wherein the light is incident 
upon the mirror 41a and it is Subsequently directed to the 
lens 41b, the remaining light is transmitted through the back 
Side of the etalon and impinges upon the mirror 41b where 
it is subsequently directed to the port at lens 40c. As shown, 
when channels having centre wavelengths 21, 22, 23, 24, . 
.., n are launched into the port at lens 40a, the channels 
are de-interleaved at the ports at lenses 40b and 40c into 
channel groups 2,1,2,3,05 and 22, 24, 26 . . . respectively; 
thereby providing two de-interleaved groups. FIG. 4b illus 
trates how the same circuit of FIG. 4a can be used back 
wards to interleave de-interleaved channels. Furthermore, 
FIG. 4c illustrates that an extra input port at GRIN lens 40d 
can be added and the circuit can be used to Switch input 
channels to either output port by appropriately adjusting and 
controlling the phase. 

0.062 Referring now to FIG. 5, an optical device is 
shown in accordance with the invention embodying a free 
Space device wherein unguided collimated light propagates 
within the device. The interleaver/de-interleaver shown has 
two glass interferometric end plates 42 having a Spacer 
disposed therebetween. The end plates and the Spacer are 
joined by optical contacting. These contacting Surfaces are 
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polished simultaneously and in the same orientation in order 
to keep their Surfaces parallel within 10 arc Seconds when 
assembled. The axis of the through hole of the interfero 
metric combiner and the axis of the coating B on each of the 
interferometric endplates are concentric within 0.1 mm. The 
interferometric combiner is conveniently embodied by a 
50/50 coating. The etalon is absent this coating. The colli 
mating/focusing GRIN lenses shown in FIG. 4 are not 
shown in FIG. 5, for clarity. Temperature sensors 52 are 
shown at ends of the plates 52 to determine the relative 
temperature difference between the two interferometric end 
plates 42. Heaters 42a and 42b which are conveniently 
wrapped around the end plates 42 are used with the tem 
perature Sensors 52 to control the phase relationship between 
the transmitted and reflected optical Signals passing through 
opposite ends of the etalon. 

0063 Another embodiment of the invention is shown in 
FIG. 6, where an odd-integer number multi-cavity etalon is 
shown used in a same manner as was the Single etalon 
described heretofore. Thus light is captured and combined 
from outermost opposite ports of the multi-cavity etalon 
Structure in accordance with the teaching of this invention. 
By using multi-cavities, i.e. three etalons, the profile shown 
if FIG. 6a is acquired wherein there is an increase in the 
phase at certain portions 62 of the graph which result in a 
Steeper Sharper output response. Furthermore, by providing 
more etalon Surfaces, i.e. at least four reflective Surfaces in 
the instance of a three cavity etalon, more control is afforded 
by being able to change the reflectivites of each Surface. 
FIG. 6b illustrates two plots, one in dotted outline, which 
represents a portion of an output spectrum for a Single cavity 
etalon and a Solid line which represents the same portion of 
the output spectrum for a three cavity etalon device, in 
accordance with the invention. FIG. 6c illustrates the circuit 
in accordance with this invention having a multi-cavity 
etalon coupled to a combiner. 

0064. In previous embodiments of the invention the 
phase shifter has ensured an effective phase difference of 
JL/2, so that the phase shift incurred through the 50/50 splitter 
has been compensated. This, then, has allowed complete 
constructive and destructive interference to occur in the 
interferometer outputs. However, if a different phase differ 
ence is used, then with a certain combination of reflectivities 
for the two facets of the etalon, a linearized intensity 
variation with wavelength as shown in the graph of FIG. 7 
can be achieved. In this example, the reflection coefficients 
are 0.01 and 0.6 and the phase difference is 0. 

0065 FIG. 8 illustrates and alternative embodiment 
whereby a flat filter pass band is provided by using the 
correct phase difference and reflectivities. 

0.066 Turning now to FIG. 9 an alternative embodiment 
of the invention is provided which functionally similar to the 
embodiment shown in FIG. 2. An interleaver circuit 900 is 
shown that can be conveniently made using planar 
waveguide technology. Here the waveguides can, for 
example, be disposed in glass. The waveguide regions can 
be doped, ion implanted, or grafted. For example the core 
light guide regions can be a light transmissive polymer. A 
first MMI 50/50 coupler 910 having an input port 1 and an 
output port 2 at a first end is optically coupled to a Second, 
same MMI 50/50 coupler 920 by way of waveguides 912 
and 914 disposed therebetween. Two thin partially reflecting 



US 2001/0040681 A1 

plates E and E' are disposed in grooves cut into the 
waveguides 912 and 914. Plate E, waveguide 912 disposed 
therebetween, and Plate E' form a first Fabry-Perót etalon. 
Similarly, plate E, waveguide 914 disposed therebetween, 
and Plate E' form a second Fabry-Perót etalon. An output 
port 2 of the first MMI coupler 910 and an output port 2 of 
the second MMI coupler 920 are coupled to input ports 1 and 
2 of a third MMI 50/50 coupler 930 having output ports 3 
and 4 for carrying Signals at and a respectively. 
0067 Prior to describing the operation of the interleaver/ 
de-interleaver circuit 900FIG. 10 is used as a means of 
describing the functionality of a four-port 3 dB coupler, 
similar to the ones shown in FIG. 9. An input signal a 
provided to port 1 of the coupler 940 is divided equally 
between ports 2 and 3. After the Signals are reflected 
backwards by the mirror, shown, they are combined into port 
4 of the coupler not port 1. In this manner, the reflected 
Signal is separated from the input signal without the require 
ment of an optical circulator. Of course the MMI couplers 
shown in FIG. 9 could be replaced with 3 dB couplers. 
0068. The operation of the circuit of FIG. 9 is similar to 
the operation of the de-interleaver/interleaver shown in FIG. 
2. In FIG. 9 an input signal at is launched into port 1 and 
is divided equally into two de-interleaved signals on 
waveguides 912 and 914 at ports 3 and 4 respectively of the 
coupler 910. The transmission Signal at and reflection Signal 
a transmitted through and reflected from the etalon between 
the couplers 910 and 920 are input into port 1 and 2 of the 
MMI coupler 930 and are provided as two de-interleaved 
output signals. Of course, each de-interleaved output Stream 
can be provided to yet another similar de-interleaving circuit 
for further de-interleaving the channelized signals. For 
example, at a first Stage Such as the one described in 
reference to FIG. 9, channels 1, 3, 5, 7, . . . are output on 
at and channels 2, 4, 6, 8, . . . are output on au. 
Notwithstanding, channels 1, 3, 5, 7, 9, can be fed to a 
similar circuit to circuit 900 wherein the etalon has a greater 
FSR so that two other data streams 1, 5, 9 and, 3, 7, 11 can 
further be demultiplexed. 
0069. Another similar embodiment to that of FIG. 9 is 
shown in FIG. 11 wherein an etalon 111 is formed between 
the two MMI couplers 910 and 920 by way of providing a 
region in each waveguide 912 and 914 wherein the refrac 
tive index is different from the refractive index of the 
waveguides coupled to and adjacent to this region. The 
etalon region can be a polymer having a Suitable refractive 
index. Of course the length of the etalon, and refractive 
indeX difference between the etalon region and adjacent 
regions must be Sufficient Such as to provide a desired 
reflectivity at the interface between different index regions. 
0070 FIG. 12 depicts a functionally similar embodiment 
to a Fabry-Perót etalon. The circuit shown in FIG. 12 
utilizes a ring resonator. An equivalent transfer function of 
a Fabry-Perót resonator can be obtained by combining a 
waveguide ring resonator and two directional couplers as is 
shown. This is a 3-port device with one input port and two 
output ports. The Signals a, and at at the output ports of the 
device are equivalent to the reflected and transmitted Signals 
of a Fabry-Perót resonator. The coupling coefficients of the 
directional couplers control the finesse of the cavity. The 
periodic spectral response is determined by the total length 
of the ring through the following equation: 

0071 where c is the speed of light and AL is the optical 
length through the ring. 
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0072 An embodiment in accordance with this invention 
is shown in FIG. 13. The two outputs of the ring resonator 
are routed to a 3 dB coupler to obtain two interleaved 
Signals, as and at. An interleaving function can be 
realized if the optical length AC is equal to the optical length 
BC, wherein the optical length is the physical length}x the 
refractive index. Of course the physical length is Somewhat 
restricted by the amount of bending that can be tolerated. In 
a preferred embodiment, for interleaving, the coupler is a 
50/50 coupler. The coupler at C can be a directional coupler 
or an MMI coupler. In a preferred embodiment the couplers 
at A and B are 17.1%/82.9% couplers, such that 82.9% of the 
light is coupled into the ring, and 17.1% of the light passes 
through the waveguides adjacent the ring. 
0073 FIGS. 14 and 15 show the spectral amplitude and 
the phase responses of the two outputs, a and at, of the ring 
resonator. FIG. 16 shows the phase difference between the 
two outputs, a, and a, of the ring resonator. The phase 
difference alternates between -t/2 and +1/2 over consecu 
tive wavelength channels equivalent to the FSR of the ring 
resonator. Finally, FIG. 17 shows the spectral transmissions 
of the two de-interleaved signals, as and at at the 
outputs of the waveguide coupler interferometer. 
0074. Of course numerous other embodiments may be 
envisaged, without departing from the Spirit and Scope of the 
invention. For example, the etalon or multi-cavity etalon can 
be a tunable etalon. 

0075) Furthermore, the monolithic waveguide devices 
described in accordance with this invention, more particu 
larly the embodiments shown in FIGS. 9, 11, and 13 can be 
fabricated in Such a way as to make them relatively tem 
perature Stable by permanently tuning the device. In any of 
these embodiments one of the arms, a, or a can be doped, for 
example with germanium and Subsequently exposed to UV 
light, in order to vary the refractive index of a particular 
Section of the doped arm. Alternatively, exposing one arm to 
light of a Suitable intensity and duration can in Some 
instances yield a required refractive indeX change to perma 
nently tune the device. This is a convenient method shown 
in FIG. 18 of permanently adjusting the phase relationship 
between the two arms a, and a thereby yielding very tem 
perature tolerant devices. 
0076 An alternative embodiment of the invention is 
shown in FIG. 19 wherein a de-interleaver/interleaver is 
shown. In this instance the locations A and B are shown to 
be 90 degrees apart. The relationship between the locations 
A, B, and C are as follows: AB+BC-AC=L/2, where 
s is the length of the ring resonator. FIGS. 20a, 20b, and 

20c illustrate approximate power coupling ratioS in couplers 
A, B, and C. 

What is claimed is: 
1. A filtering device comprising: 
an optical resonator having a first and a Second waveguide 

coupled thereto, one of the first and the Second 
waveguides having an end for receiving an input Signal 
to be filtered, the first and the Second waveguide being 
optically coupled with the optical resonator at a first 
and Second location respectively, for allowing light to 
couple into the resonator from one or more of the 
waveguides and or into one or more of the waveguides 
from the resonator; 
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an optical coupler for coupling light within the two 
waveguides between said waveguides, the coupler 
being at a location along the waveguides Such that 
output ends provide a filtering of Said input light. 

2. A filtering device as defined in claim 1, wherein the 
optical resonator is a ring resonator. 

3. A filtering device as defined in claim 2, comprising a 
first and Second coupler at the first and Second location for 
allowing the light to couple into the resonator from one or 
more of the waveguides and or into one or more of the 
waveguides from the resonator. 

4. A filtering device as defined in claim 3, wherein the first 
coupler ensures that the coupling ratio is at least 80:20 Such 
that Substantially more light is coupled into the resonator 
than remains in the waveguides by Said coupler. 

5. A filtering device as defined in claim 4, wherein the 
Second coupler ensures that the coupling ratio is at least 
20:80 such that substantially more light is coupled into the 
waveguides than remains in the resonator. 

6. A filtering device as defined in claim3, wherein the first 
coupler ensures that the coupling ratio is Substantially about 
17:83, such that Substantially more light is coupled into the 
resonator than is coupled into the waveguides by Said first 
and Second couplers. 

7. A filtering device as defined in claim 3, wherein the 
optical coupler for coupling light within the two waveguides 
between Said waveguides at a location along the waveguides 
is a substantially 50:50 coupler. 

8. A filtering device as defined in claim 3, wherein the 
optical coupler is an MMI coupler. 

9. A filtering device as defined in claim 3, wherein the 
optical coupler is a directional coupler. 

10. A filtering device as defined in claim 7, wherein output 
Signals at output ends of the waveguides are Substantially 
de-interleaved. 

11. A method of phase tuning the filtering device as 
defined in claim 7 comprising the Step of irradiating at least 
one of the optical waveguides with light of a Suitable 
intensity, wavelength and duration to effect a Suitable refrac 
tive indeX change in Said waveguide. 

12. A method of phase tuning the filtering device as 
defined in claim 7 comprising the Step of irradiating one of 
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the first and Second optical waveguides with light of a 
Suitable intensity, wavelength and duration to effect a Suit 
able refractive indeX change in Said waveguide. 

13. A method of tuning as defined in claim 12, wherein 
Said waveguide that is irradiated is first doped with a 
material that will effect a permanent refractive indeX change 
in the presence of light of a Suitable intensity, wavelength 
and duration. 

14. A method of tuning the filtering device as defined in 
claim 7 comprising the Step of providing a Suitable refractive 
indeX change over a length of one of the first and Second 
waveguides So as to effect a required amount of tuning. 

15. A filtering device as defined in claim 7 wherein the 
filter is an interleaver/de-interleaver filter. 

16. A filtering device as defined in claim 15, wherein the 
optical path length from the first coupler to the optical 
coupler for coupling light within the two waveguides is 
Substantially the same as the optical path length from the 
Second coupler to the optical coupler for coupling light 
within the two waveguides. 

17. A monolithic integrated filtering device comprising: 

an optical resonator having a first and a Second ports for 
allowing light to couple between the optical resonator 
and first and Second waveguides, and, 

means for combining light beams propagating within the 
first and Second waveguides, Said means being opti 
cally coupled with the first and Second waveguides So 
that they interfere to provide one or more output beams 
of light. 

18. A monolithic integrated filtering device as defined in 
claim 1, wherein the optical resonator is a ring resonator. 

19. A monolithic integrated filtering device as defined in 
claim 1 wherein the device is an interleaver/de-interleaver 
circuit. 

20. A monolithic integrated filtering device as defined in 
claim 19, wherein the couplers and waveguides are disposed 
within a planar monolithic slab-like Substrate. 


