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altered prior to their being combined to provide, for 
(22) Filed? Jun- 4! 2001 example, a linearized output response useful in applications 

such as Wavelength locking. By varying the re?ectivity of 
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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 ?led 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 ?led 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 ?bres, 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 ?bres, 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 ef?ciently 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 ?lters 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 ampli?ers and/or optical 
?ber non-linearities. Moreover such systems require an 
accurate band selection, stable tunable lasers or ?lters, and 
spectral purity that increase the cost of WDM systems and 
add to their complexity. This invention relates to a method 
and system for ?ltering or separating closely spaced chan 
nels that Would otherWise not be suitably ?ltered by con 
ventional optical ?lters. 

[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 ?ltering, absent crosstalk, increases. The use of 
conventional dichroic ?lters to separate channels spaced by 
0.4 nm or less Without crosstalk, is not practicable; such 
?lters being difficult if not impossible to manufacture. 

[0008] In a paper entitled Multifunction optical ?lter 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 
pli?ed in FIG. 1 serves as a narroW band Wavelength 
demultiplexor; this device relies on interfering a re?ected 
E-?eld With an E-?eld re?ected by a plane mirror 16. The 
etalon 10 used has a 99.9% re?ective back re?ector 12r and 
a front re?ector 12f having a re?ectivity of about 10%; hence 
an output signal from only the front re?ector 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 re?ected E-?elds of 0 and at radi 
ans, the GT as can be seen in the graph of FIG. 1b has some 
variation in phase betWeen 0 and at radians. Furthermore, in 
the GT device a ?nite 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 M4 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 signi?cant polariZation dependent loss. 
FIG. 1a shoWs a graph With a linear plot of the phase 
difference betWeen the tWo re?ected E-?elds from the GT 
and a mirror With an optical path difference. Further, the 
graph shoWs a linear plot of phase variation of re?ected light 
from the GT. A re?ection pro?le is also shoWn in a loga 
rithmic plot, and a straight sloped dotted line is a linear plot 
of a GT With a ?nite 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 ?lters 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. 












