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(57) ABSTRACT 
Amethod and apparatus are disclosed for selectively passing 
or blocking an optical signal using an opaque or re?ective 
shutter that is selectively positioned in or out of the light 
path. The disclosed Wavelength blocker can be employed to 
?lter input Wavelength-division multiplexed (WDM) signal 
comprised of N Wavelength channels, Where a mechanical 
shutter array selectively passes each of the N Wavelength 
channels. Each mechanical shutter may be controlled, for 
example, by a micromachine control element that physically 
lifts the shutter into or out of the lightpath. The disclosed 
Wavelength blockers may be utilized in Wavelength-selec 
tive cross connects, as Well as other optical devices. In an 
exemplary Wavelength-selective cross connect, an array of 
mirrors are employed in a planar Waveguide having tWo sets 
of Waveguide gratings intersecting at an angle. The mirrors 
and Waveguide gratings are positioned such that if the mirror 
for a given channel is up (removed from the light path), then 
that channel passes across the device and exits the corre 
sponding output port (bar state), otherWise the light is 
re?ected by the mirror and exits the opposite output port (bar 
state). 
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PLANAR LIGHTWAVE WAVELENGTH BLOCKER 
DEVICES USING MICROMACHINES 

FIELD OF THE INVENTION 

[0001] The present invention relates to optical communi 
cation networks and, more particularly, to optical devices for 
routing multi-Wavelength optical signals. 

BACKGROUND OF THE INVENTION 

[0002] When multiple users share a transmission medium, 
some form of multiplexing is required to provide separable 
user sub-channels. There are many multiplexing techniques 
available that simultaneously transmit information signals 
Within the available bandWidth, While still maintaining the 
quality and intelligibility that are required for a given 
application. Optical communication systems, for example, 
increasingly employ Wavelength division multiplexing 
(WDM) techniques to transmit multiple information signals 
on the same ?ber, and differentiate each user sub-channel by 
modulating it With a unique Wavelength of invisible light. 
WDM techniques are being used to meet the increasing 
demands for increasing speed and bandWidth in optical 
transmission applications. 

[0003] In optical communication netWorks, such as those 
employing WDM techniques, individual optical signals are 
often selectively routed to different destinations. Thus, a 
high capacity matrix or cross-connect sWitch is often 
employed to selectively route signals through intercon 
nected nodes in a communication netWork. Many cross 
connect sWitches used in optical communication netWorks 
are either manual or electronic, requiring multiple optical 
to-electrical and electrical-to-optical conversions. The speed 
and bandWidth advantages associated With transmitting 
information in optical form, hoWever, makes an all-optical 
netWork the preferred solution for WDM-based optical 
netWorks. Moreover, all-optical netWork elements are 
needed to provide the ?exibility for managing bandWidth at 
the optical layer (e.g., on a Wavelength by Wavelength 
basis). In addition, it is often desirable to remove light of a 
given Wavelength from a ?ber or add light of a given 
Wavelength to the ?ber. A device that provides this feature 
is often referred to as a Wavelength add-drop mul 
tiplexer. 
[0004] Wavelength blockers are optical devices that accept 
an incoming signal of multiple Wavelength channels and 
independently pass or block each Wavelength channel. 
Wavelength blockers can be used as components in a larger 
optical communication system, for example, to route a given 
optical signal along a desired path betWeen a source and 
destination. Optical cross-connect sWitches and Wavelength 
add-drop multiplexers, for example, are often implemented 
using Wavelength blockers. A Wavelength blocker provides 
a number of desirable features. First, a netWork element 
using Wavelength blockers is modular and thus scalable and 
repairable. Second, netWork elements using Wavelength 
blockers have a multicasting capability. Third, Wavelength 
blockers are relatively easy to manufacture With high per 
formance. Wavelength blockers have only tWo ?ber connec 
tions, and it is possible to use a polariZation diversity scheme 
to make them polariZation independent. 

[0005] As the demand for optical bandWidth increases in 
WDM communication systems, it is desirable to increase the 
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number of channels. Unfortunately, an increase in the num 
ber of channels provides a corresponding increase in the 
siZe, cost and insertion loss of the optical devices in such 
WDM communication systems. A need therefore exists for 
improved Wavelength blockers that permit optical cross 
connect sWitches, Wavelength add-drop multiplexers and 
other optical devices to be fabricated With reduced siZe and 
cost. A further need exists for tWo-port Wavelength blockers 
that permit optical cross-connect sWitches and Wavelength 
add-drop multiplexers to be con?gured Without complex 
Waveguide crossings. Yet another need exists for improved 
Wavelength blockers having a frequency spectrum With a 
generally ?at transmission spectrum in both amplitude and 
phase. 

SUMMARY OF THE INVENTION 

[0006] Generally, a method and apparatus are disclosed 
for selectively passing or blocking an optical signal using an 
opaque or re?ective shutter that is selectively positioned in 
or out of the light path. The disclosed Wavelength blocker 
can be employed to ?lter input Wavelength-division multi 
plexed (WDM) signal comprised of N Wavelength channels, 
Where a mechanical shutter array selectively passes each of 
the N Wavelength channels. Each mechanical shutter may be 
controlled, for example, by a micromachine control element 
that physically lifts the shutter into or out of the lightpath. 

[0007] The disclosed Wavelength blockers may be utiliZed 
in Wavelength-selective cross connects, Wavelength add 
drop multiplexers, as Well as other optical devices. In an 
exemplary Wavelength-selective cross connect, an array of 
mirrors are employed in a planar Waveguide having tWo sets 
of Waveguide gratings intersecting at an angle. The mirrors 
and Waveguide gratings are positioned such that if the mirror 
for a given channel is up (removed from the light path), then 
that channel passes across the device and exits the corre 
sponding output port (bar state), otherWise the light is 
re?ected by the mirror and exits the opposite output port (bar 
state). 
[0008] A more complete understanding of the present 
invention, as Well as further features and advantages of the 
present invention, Will be obtained by reference to the 
folloWing detailed description and draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] 
blocker; 
[0010] FIG. 2 is an optical diagram illustrating an imple 
mentation of the Wavelength blocker of FIG. 1; 

[0011] FIG. 3 is an optical diagram illustrating a Wave 
length blocker incorporating features of the present inven 
tion; 

FIG. 1 illustrates a conventional Wavelength 

[0012] FIG. 4 illustrates a representative Waveguide lay 
out for a Wavelength blocker using micromachine shutters in 
accordance With the present invention; 

[0013] FIG. 5 illustrates the micromachine shutter array 
of FIG. 4 in further detail; 

[0014] FIG. 6 is a schematic block diagram of a Wave 
length-selective cross connect (WSC); 

[0015] FIG. 7 is an optical diagram illustrating a 2x2 
Wavelength-selective cross connect (WSC) incorporating 
features of the present invention; and 
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[0016] FIG. 8 is an optical diagram illustrating a Wave 
length add drop multiplexer incorporating features of the 
present invention 

DETAILED DESCRIPTION 

[0017] FIG. 1 illustrates a conventional Wavelength 
blocker 100. As shoWn in FIG. 1, a Wavelength blocker 100 
is an optical device having tWo ports 110-1, 110-2 that 
accept an incoming signal of multiple Wavelength channels 
at a ?rst port 110-1 and independently pass or block each 
Wavelength channel, i, to a second port 110-2. A demulti 
pleXer 115-1 separates the incoming signal into each com 
ponent Wavelength channel, i, Which is then selectively 
passed or blocked by the corresponding shutter 120-i (or 
variable optical attenuators) to a multipleXer 115-2. The 
Wavelength blocker 100 may be embodied, for example, as 
the Wavelength blocker disclosed in contemporaneously 
?led U.S. patent application Ser. No. , entitled “Pla 
nar LightWave Wavelength Blocker,” (Attorney Docket 
Number Doerr 49), assigned to the assignee of the present 
invention and incorporated by reference herein, as modi?ed 
herein in accordance With the present invention. 

[0018] According to one feature of the present invention, 
each shutter 120-i is embodied as an opaque element that can 
be selectively positioned in and out of the lightpath to 
selectively pass or block light. In one embodiment, dis 
cussed further beloW, each shutter 120-i may be controlled 
by a micromachine control element that can physically lift 
the shutter 120-i in and out of the lightpath. 

[0019] FIG. 2 is an optical diagram illustrating an imple 
mentation of the Wavelength blocker 100 of FIG. 1. As 
shoWn in FIG. 2, the optical Wavelength blocker 200 is 
comprised of a number of lenses 205-1 through 205-4, tWo 
Wavelength gratings 210-1 and 210-2 and a control element 
array 215. The lens 205-1 focuses an input beam on the 
grating 210-1, Which serves to separate each of the Wave 
length channels. The lens 205-2 focuses each of the Wave 
length channels on the control element array 215 that 
selectively passes or blocks each Wavelength. 

[0020] FIG. 3 is an optical diagram illustrating a Wave 
length blocker 300 incorporating features of the present 
invention. As shoWn in FIG. 3, the optical Wavelength 
blocker 300 is comprised of tWo Wavelength gratings 310-1 
and 310-2 each surrounded by a pair of lenses 305-1, 305-2 
and 305-3, 305-4, and a micromachine control element 315. 
The lenses 305 and gratings 310 operate in the same manner 
as described above in conjunction With FIG. 2. As previ 
ously indicated, the micromachine control element 315 is 
embodied as a micromachine device that can physically lift 
opaque pieces in or out of the lightpath to selectively pass or 
block light. 

[0021] FIG. 4 illustrates a representative Waveguide lay 
out for a Wavelength blocker 400 using a planar arrangement 
of Waveguides and micromachine shutters, in accordance 
With the present invention. As shoWn in FIG. 4, the Wave 
length blocker 400 consists of tWo separate planar lightWave 
circuits 410-1 and 410-2. The planar lightWave circuits 
410-1 and 410-2 can optionally have their facets polished 
and anti-re?ection coatings optionally applied Where the 
array of micromachine shutters 500 is positioned. Apair of 
star couplers 420-1 and 420-2 serve as a demultipleX/ 
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multipleX pair coupled by a Waveguide grating 430-1, 430-2. 
The micromachine shutter gallery 500 is discussed beloW in 
conjunction With FIG. 5. 

[0022] It has been observed that non-central Wavelengths, 
such as k2, enter the output ?ber in FIG. 3 at a large angle, 
causing high loss for these channels. HoWever, one can 
make this loss arbitrarily small by making the aperture of the 
gratings (310-1, 310-2 in FIG. 3 or 430-1, 430-2 in FIG. 4) 
very large or the control elements 315, 500 very small (or 
both). In other Words, if the gratings have a large aperture, 
relative to the shutters, then the non-central Wavelengths, 
such as M, can be made to enter the output ?ber in FIG. 3 
at a smaller angle, Without using additional lenses. Let the 
center-to-center spacing betWeen the grating arm inlets on 
the control-element side be a, and the small control element 
spacing be b, Where b=)tRI(Ma), Where )L is the Wavelength, 
R is the distance betWeen the grating and control elements, 
and M is the number of grating arms. For a ?at stopband, one 
requires at least tWo minimum control element spacings per 
channel. Then for the outermost channels (at the edges of the 
central Brillouin Zone), the mode center in the ?ber Will 
offset by b/a of its Width. If We choose the reasonable values 
a=25 pm and b=5 pm (With 3 element spacing used per 
channel, so that the channel controls are spaced by 15 pm 
center-to-center), then the Worst channel is off by only 1/5 of 
its Width. If We then populate only half the central Brillouin 
Zone, this reduces to 1/10, resulting in loW loss for all the 
channels. 

[0023] FIG. 5 illustrates the micromachine shutter gallery 
500 of FIG. 4 in further detail. As shoWn in FIG. 5, the 
micromachine shutter gallery 500 employs one or more 
spacers 510 to maintain a gap betWeen the planar lightWave 
chips 510-1, 510-2. Thus, the chips 510-1, 510-2 can be 
attached to each other With the spacer 510, thereby leaving 
a gap for the insertion of the shutters. The shutters 500 are 
opaque pieces that can be can lifted in and out of the gap 
under the control of a micromachine device. In the eXem 
plary embodiment, the shutters are attached to the tops of the 
planar lightWave circuits, as shoWn in FIG. 5. When all of 
the shutters are out of the lightpath, the device has a ?at 
transmission across all the channels, making it especially 
useful When used to make a WAD. This also means that one 
does not have to have one shutter per channel. If some 
channels Will never be dropped, then they Will not need 
shutters. It is important that the higher diffraction orders be 
blocked. This can be done either by tapering the free-space 
regions in the vicinity of the shutters or by inserting opaque 
objects into the gap. It is noted that the shutters can be 
microfabricated, e.g., from silicon on insulator Wafers. 

[0024] FIG. 6 illustrates a general block diagram of a 
Wavelength-selective cross connect (WSC) 600. The Wave 
length-selective cross connect 600 may be used, for 
eXample, in a communication system having multiple ?ber 
rings. As shoWn in FIG. 6, the Wavelength-selective cross 
connect 600 is an optical device having tWo input ports 
610-1 and 610-2 and tWo output ports 610-3 and 610-4. An 
incoming signal received on a given incoming port 610-1 
and 610-2 is selectively passed to the corresponding 
output port 610-3 or 610-4, respectively, in a bar state; or (ii) 
crossed to the opposite output port 610-4 or 610-3, respec 
tively, in a cross state. The Wavelength-selective cross 
connect 600 consists of four Wavelength blockers 100-1 
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through 100-4, Which may each be embodied as the Wave 
length blocker 100 discussed above in conjunction With 
FIG. 1. 

[0025] FIG. 7 is an optical diagram illustrating a 2x2 
Wavelength-selective cross connect (WSC) 700 incorporat 
ing features of the present invention. As shoWn in FIG. 7, 
the Wavelength-selective cross connect 700 consists of tWo 
separate planar lightWave circuits 710-1 and 710-2. Four star 
couplers 720-1 through 720-4 serve as demultipleXers/mul 
tipleXers coupled by Waveguide gratings 730-1 through 
730-4. The micromachine mirror array 750 may be embod 
ied using the micromachine shutter gallery 500 discussed 
above in conjunction With FIG. 5, although the opaque 
shutters are noW replaced by mirrors. 

[0026] The tWo sets of Waveguide gratings 730-1, 730-2 
intersect at an angle. Thus, if the mirror 750 for a given 
channel is up (removed from the light path), then that 
channel passes across the device and eXits the corresponding 
output port (bar state), otherWise it is re?ected and eXits the 
opposite output port (bar state). Additional gratings could be 
added around the circle and use rotatable mirrors to make 
1><N WSC. 

[0027] Thus, the Wavelength-selective cross connect 700 
has tWo input ports 705-1 and 705-2 and tWo output ports 
705-3 and 705-4. An incoming signal received on a given 
incoming port 705-1 and 705-2 is selectively passed to 
the corresponding output port 705-3 and 705-4, respectively, 
in a bar state; or (ii) crossed to the opposite output port 705-3 
and 705-4, respectively, in a cross state. 

[0028] FIG. 8 is an optical diagram illustrating a Wave 
length add drop multipleXer 800 incorporating fea 
tures of the present invention. As shoWn in FIG. 8, the WAD 
multipleXer 800 has an input port 810-1 and an output port 
810-2, as Well as an add port 815-A and a drop port 815-D. 
Four star couplers 825-1 through 825-4 serve as demulti 
pleXers/multipleXers coupled by tWo Waveguide gratings 
820-1 and 820-2 and tWo Waveguide lenses 830-1 and 830-2 
(Where path lengths are all equal), as shoWn in FIG. 8. The 
micromachine mirror array 750 may be embodied using the 
micromachine shutter gallery 500 discussed above in con 
junction With FIG. 5, although the opaque shutters are noW 
replaced by mirrors. An incoming signal of multiple Wave 
length channels is accepted at the input port 810-1 and is 
applied to a Waveguide grating 820-1. 

[0029] The tWo sets of Waveguide gratings and lenses 820. 
830 intersect at an angle. Thus, if the mirror 850 for a given 
channel is up (removed from the light path), then that 
channel passes across the device and eXits the output port 
810-2, otherWise that channel is re?ected and eXits the drop 
port 815-D, and signals from the add port 815-A are mul 
tipleXed together and are sent to the through port. 

[0030] It is to be understood that the embodiments and 
variations shoWn and described herein are merely illustrative 
of the principles of this invention and that various modi? 
cations may be implemented by those skilled in the art 
Without departing from the scope and spirit of the invention. 

I claim: 
1. A planar optical device for ?ltering an optical signal, 

the optical device comprising: 

an input Waveguide for carrying said optical signal; 
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an output Waveguide for carrying said optical signal and 

a mechanical shutter for coupling said input and output 
Waveguides, said mechanical shutter selectively posi 
tioned in or out of said lightpath to selectively block or 
pass said optical signal. 

2. The optical device according to claim 1, Wherein said 
optical signal is a Wavelength-division multiplexed (WDM) 
signal comprising N Wavelength channels and Wherein said 
optical device further comprises a demultipleXer for produc 
ing a plurality of demultipleXed output signals from said 
input WDM signal, a multipleXer for producing an output 
WDM signal, and a mechanical shutter associated With each 
of said N Wavelength channels. 

3. The optical device according to claim 2, Wherein a 
plurality of said Waveguides carry each of said N Wave 
length channels. 

4. The optical device according to claim 2, Wherein said 
demultipleXer is embodied as a Waveguide grating and 
Wherein an aperture of said Waveguide grating is substan 
tially larger than an aperture of said mechanical shutter. 

5. The optical device according to claim 1, Wherein said 
shutter is opaque. 

6. The optical device according to claim 1, Wherein said 
shutter is a re?ective surface. 

7. The optical device according to claim 1, Wherein said 
shutter is controlled by a micromachine control element that 
positions said shutter in and out of said lightpath. 

8. A method for ?ltering an optical signal in a planar 
optical device, said method comprising the steps of: 

receiving said optical signal on an input Waveguide; 

coupling said input Waveguide to an output Waveguide; 
and 

selectively blocking or passing said optical signal using a 
mechanical shutter. 

9. The method according to claim 8, Wherein said optical 
signal is a Wavelength-division multiplexed (WDM) signal 
comprising N Wavelength channels and Wherein said method 
further comprises the step of producing a plurality of demul 
tipleXed output signals from said input WDM signal using a 
demultipleXer. 

10. The method according to claim 9, Wherein a plurality 
of said Waveguides carry each of said N Wavelength chan 
nels. 

11. The method according to claim 9, Wherein said 
demultipleXer is embodied as a Waveguide grating and 
Wherein an aperture of said Waveguide grating is substan 
tially larger than an aperture of said mechanical shutter. 

12. The method according to claim 8, Wherein said shutter 
is opaque. 

13. The method according to claim 8, Wherein said shutter 
is a re?ective surface. 

14. The method according to claim 8, Wherein said shutter 
is controlled by a micromachine control element that posi 
tions said shutter in and out of said lightpath. 

15. A Wavelength-selective cross connect (WSC) having 
a plurality of input ports and output ports for selectively 
passing or crossing an incoming signal received on one of 
said input ports to a corresponding output port or to an 
opposite output port, said WSC comprising: 

a ?rst set of Waveguide gratings corresponding to said 
input ports; 
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a second set of Waveguide gratings corresponding to said 
output ports, Wherein said ?rst and second sets of 
Waveguide gratings intersect at an angle; 

a re?ective shutter array for coupling said ?rst and second 
sets of Waveguide gratings, said re?ective shutter selec 
tively positioned in or out of said lightpath to selec 
tively re?ect or pass said signal, Whereby in a bar state 
a given channel passes across said WSC and eXits a 
corresponding output port or in a cross state said 
channel is re?ected and eXits an opposite output port. 

16. The WSC according to claim 15, Wherein said shutter 
array is controlled by a rnicrornachine control element that 
positions said shutter in and out of said lightpath. 

17. The WSC according to claim 15, Wherein an aperture 
of said Waveguide gratings is substantially larger than an 
aperture of said re?ective shutter. 

18. AWavelength add-drop rnultipleXer having an 
input port and an output port for selectively removing or 
adding light of a given Wavelength to an optical signal 
cornprising N Wavelength channels, said WAD comprising: 

a ?rst Waveguide grating corresponding to said input port; 
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a second Waveguide grating corresponding to said output 
port; 

a ?rst Waveguide lens corresponding to a drop port; 

a second Waveguide lens corresponding to an add port; 

a re?ective shutter array for coupling said ?rst and second 
Waveguide gratings and ?rst and second Waveguide 
lenses, said re?ective shutter selectively positioned in 
or out of said lightpath to selectively re?ect or pass said 
signal, Whereby in a ?rst state a given channel passes 
across said WAD and eXits said output port or in a 
second state said channel is re?ected and eXits said 
drop port and signals from said add port are rnulti 
pleXed together and sent to said output port. 

19. The WAD rnultipleXer according to claim 18, Wherein 
said shutter array is controlled by a rnicrornachine control 
element that positions said shutter in and out of said light 
path. 

20. The WAD according to claim 18, Wherein an aperture 
of said Waveguide gratings is substantially larger than an 
aperture of said re?ective shutter. 

* * * * * 


