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MEMS RECONFIGURABLE OPTICAL GRATING 

FIELD OF THE INVENTION 

[0001] This invention relates to optical diffraction and 
re?ection gratings, and more particularly, this invention 
relates to Bragg gratings. 

BACKGROUND OF THE INVENTION 

[0002] Bragg gratings and similar ?ber optic and other 
optical grating structures are produced in glass, plastic or 
silicon to spread out an optical spectrum or other radiation. 
These gratings usually consist of narroW, parallel slits or 
narroW, parallel, re?ecting surfaces that break-up Waves as 
they emerge. 

[0003] As is Well knoWn, light of all Wavelengths is 
scattered at all angles. At some angles, hoWever, light adds 
constructively at one Wavelength, While other Wavelengths 
add destructively (or interfere With each other), reducing the 
light intensity to Zero or close to Zero. In those ranges of 
angles Where the grating spreads out a spectrum, there can 
be a gradual change in Wavelength of the angle. With 
multiple grooves formed in a grating, light is concentrated in 
particular directions, and can be used as optical ?lters With 
other similar optical devices. 

[0004] One commonly used optical grating is a Bragg 
grating used as a periodic grating, a chirped grating, a 
distributed feedback or distributed Bragg re?ector grating 
(DEF or DBR), such as With laser, and a Fabry-Perot Etalon 
grating for a ring resonator as designed for use With add/drop 
multiplexers and similar optical devices. A Bragg grating is 
the optical equivalent of a surface acoustic Wave (SAW) 
device. By having a tuned grating, there can be some 
compensation for dispersion conditions. Some optical ?lters 
use Bragg gratings that are tuned during fabrication, tem 
perature tuned, or compression/strained tuned. 

[0005] Prior art solutions for tuning gratings using tem 
perature or compression/strain methods have a limited tun 
ing range of typically only tens of nanometers maximum 
With a sloW operation of tuning. As is knoWn, the tempera 
ture and strain changes on Bragg de?ection and change are 
set forth as: 

AABRAGG=kTAT+kUAo 

[0006] Also, multiple con?gurations are typically not pos 
sible in a single prior art device. 

SUMMARY OF THE INVENTION 

[0007] It is therefore an object of the present invention to 
provide tunable optical gratings that do not involve the 
tuning of the gratings using temperature or strain changes. 

[0008] It is still another object of the present invention to 
provide a tunable optical grating Where the grating pro?le 
can be controlled over a Wide range, such as in hundreds of 
nanometers. 

[0009] It is still another object of the present invention to 
provide a tunable optical grating having multiple con?gu 
rations possible With a single device. 

[0010] The present invention is advantageous and pro 
vides a tunable optical grating having a plurality of grating 
structures that are contained Within an optical transmission 
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path. A microelectromechanical (MEMS) actuator is opera 
tively connected to each grating structure for changing the 
separation betWeen the grating structures and tuning the 
grating to a desired Wavelength selectivity. 

[0011] In one aspect of the present invention, the grating 
structures form a Bragg grating and are periodic gratings. In 
yet another aspect of the present invention, the grating 
structures form a chirped grating. In still another aspect of 
the present invention, the grating structures can be a dis 
tributed feedback grating, distributed Bragg re?ector grat 
ing, or a Fabry-Perot Etalon add/drop grating structure. 

[0012] The Bragg or other grating can be formed on a 
silicon MEMS substrate. Formed MEMS actuators opera 
tively connect each grating structure. The MEMS actuators 
can be photolithographically formed on the MEMS substrate 
or by other MEMS fabrication techniques, knoWn to those 
skilled in the art. In yet another aspect of the present 
invention, the MEMS actuators can each comprise a ?at, 
single layer silicon membrane structure. 

[0013] In another aspect of the present invention, the 
MEMS actuators can each comprise at least one anchor 
support, and an arm member operatively connected to a 
grating structure, supported by the anchor support, and 
moveable thereWith for moving the grating structure relative 
to another grating structure. The MEMS actuators also can 
comprise a hinged plate actuator operatively connected to 
each grating structure. 

[0014] A tunable grating apparatus of the present inven 
tion can also comprise an optical Waveguide de?ning an 
input port through Which an optical signal is formed, such as 
a multi-Wavelength optical signal, Which passes through the 
grating structures. An optical Waveguide can de?ne an 
output port for receiving the optical signal from the grating 
structures. A collimating lens can be operatively connected 
to the input port to form a collimated optical signal. A 
converging lens can be operatively connected to the output 
port to converge the optical signal, all by techniques using 
lenses knoWn to those skilled in the art. 

[0015] In yet another aspect of the present invention, a 
tunable, add/drop optical netWork element includes an input 
port for receiving a multi-Wavelength, optical signal and 
passing the optical signal along an optical transmission path. 
An output port receives the optical signal along the optical 
transmission path and passes the multi-Wavelength optical 
signal With added or dropped optical signal channel com 
ponents. An optical add/drop element is contained Within the 
optical transmission path and includes a plurality of Bragg 
grating structures contained Within the optical transmission 
path and forming a Bragg grating for receiving the optical 
signal and passing and/or re?ecting optical signal channel 
components of a desired Wavelength. A microelectrome 
chanical (MEMS) actuator is operatively connected to each 
Bragg grating structure for changing the separation betWeen 
the Bragg grating structures and tuning the Bragg grating to 
a desired Wavelength selectivity. 

[0016] In yet another aspect of the present invention, add 
and drop ports are operatively connected to the optical 
add/drop element, Where optical signal channel components 
of desired Wavelength are added and dropped. The Bragg 
grating structures are preferably con?gurable to be respon 
sive to different optical signal channel components. 
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[0017] In yet another aspect of the present invention, a 
tunable laser and ?lter apparatus includes a semiconductor 
substrate and a laser structure formed on the semiconductor 
substrate. The laser structure includes an active layer and a 
plurality of Bragg grating structures formed along the active 
layer to form a Bragg grating and provide optical re?ections 
at a desired Bragg Wavelength. A microelectromechanical 
(MEMS) actuator is operatively connected to each Bragg 
grating structure for changing the separation betWeen the 
Bragg grating structures and tuning the Bragg grating to a 
desired Wavelength selectivity and limiting the laser output 
to a selected narroW band mode. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] Other objects, features and advantages of the 
present invention Will become apparent from the detailed 
description of the invention Which folloWs, When considered 
in light of the accompanying draWings in Which: 

[0019] FIG. 1 is an example of a tunable optical grating of 
the present invention used in an add/drop multiplexer. 

[0020] FIG. 2 is an isometric vieW of a tunable optical 
grating of the present invention shoWn in the form of a 
Bragg grating. 
[0021] FIGS. 3, 4, 5 and 6 shoW multiple con?gurations 
possible With a single, tunable optical grating of the present 
invention, and shoWing a respective periodic, chirped, DFB, 
and Fabry-Perot Etalon grating. 

[0022] FIG. 7 is a schematic vieW of a tunable laser and 
?lter apparatus of the present invention using a tunable 
Bragg grating. 

[0023] FIGS. 8, 9 and 10 are examples of different micro 
electromechanical (MEMS) actuators that can be used in the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0024] The present invention Will noW be described more 
fully hereinafter With reference to the accompanying draW 
ings, in Which preferred embodiments of the invention are 
shoWn. This invention may, hoWever, be embodied in many 
different forms and should not be construed as limited to the 
embodiments set forth herein. Rather, these embodiments 
are provided so that this disclosure Will be thorough and 
complete, and Will fully convey the scope of the invention 
to those skilled in the art. Like numbers refer to like 
elements throughout. 

[0025] The present invention is advantageous and pro 
vides a tunable grating, and more particularly, a tunable 
Bragg grating, using microelectromechanical (MEMS) 
actuators that are able to tune the grating over a much Wider 
range, such as hundreds of nanometers. The present inven 
tion also alloWs multiple con?gurations Within a single 
device. 

[0026] Referring noW to FIGS. 1 and 2, there is illustrated 
in FIG. 1 at 20 an add/drop multiplexer that incorporates 
tunable Bragg gratings 22a, 22b, such as shoWn in FIG. 2. 
As illustrated, the tunable optical gratings 22a, 22b, in 
accordance With the invention, are placed in the optical 
transmission path 24 as part of an overall optical transmis 
sion system that uses optical circulators 26a, 26b. Ampli?ers 
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28 can be placed at the input side 30 or output side 32 of the 
grating that forms part of the add/drop multiplexer 20. The 
gratings are formed as Bragg re?ective gratings and set to 
re?ect Wavelengths that are dropped Within the ?rst circu 
lator 26a and Wavelengths that are added Within the second 
circulator 26b. The ampli?ers 28 can be used to adjust for 
any insertion losses in the add/drop and “through” pass. It is 
also possible to use different directional, optical couplers 
and optical isolators to provide selective add/drop capability, 
instead of use the described and illustrated optical circula 
tors, as is knoWn to those skilled in the art. A central 
processor 29, such as a processor as part of a personal 
computer, mini or mainframe, ASIC or other device knoWn 
to those skilled in the art, controls the separator distance 
betWeen grading structures (FIG. 2) by controlling indi 
vidual MEMS actuators via control lines 29a. 

[0027] FIG. 2 illustrates an isometric vieW of a tunable 
optical grating 30 of the present invention and having an 
optical Waveguide 34 in the form of a single ?ber optic 
forming an input port 35, Which passes the optical signal, in 
the form of a Wavelength division multiplexed signal 
through a collimating lens 36. The collimated signals then 
passes through a plurality of grating structures 38 formed as 
a Bragg grating (illustrated as a non-limiting example of 
four grating structures forming a Bragg grating) and into a 
converging lens 40. The optical signal passes through an 
output port 42 de?ned by another optical Waveguide in the 
form of a single ?ber optic. 

[0028] In one aspect of the present invention, the grating 
structures 38 are formed to be moveable on a silicon MEMS 
substrate 44 having formed MEMS actuators, and can be 
tuned such that the separation distance betWeen the Bragg 
grating structures can be changed to tune the Bragg grating 
to a desired Bragg Wavelength selectivity as shoWn by the 
ABRAGG. The grating structures 38 can be formed by semi 
conductor and photolithographic techniques knoWn to those 
skilled in the art, and attached to MEMS actuators, such that 
the grating structures are moveable With MEMS actuator 
movement. 

[0029] Referring noW to FIGS. 3-6, there are illustrated 
four different types of gratings, Which can be de?ned as a 
single device as shoWn in FIG. 2 Where the separation 
distance betWeen individual grating structures has been 
changed. FIG. 3 illustrates a simple periodic grating Where 
the distance betWeen grating structures is about the same. 
FIG. 4 illustrates a chirped grating Where the gratings are 
progressively a greater distance from each other as light 
Would pass from left to right. FIG. 5 illustrates a distributed 
feedback grating shoWing a separation betWeen tWo groups 
of left and right gratings. 
[0030] FIG. 6 shoWs a Fabry-Perot Etalon shoWing a large 
gap betWeen tWo sets of gratings as is common in a 
Fabry-Perot Etalong grating structure. 
[0031] FIGS. 8-10 illustrate various types of microelec 
tromechanical (MEMS) actuators that can be used for 
changing the separation distance betWeen the various Bragg 
grating structures 38 in accordance With the present inven 
tion. Although the illustrated MEMS actuators shoW differ 
ent types of movements for MEMS actuators, it should be 
understood that many different types of MEMS actuators 
can be used as suggested by those skilled in the art. The 
illustrated actuators are non-limiting examples for purposes 
of illustration. 
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[0032] FIG. 8 illustrates a ?at, single layer silicon member 
50 that can be de?ned for an actuator structure. As is Well 
known to those skilled in the art, silicon has a relatively high 
Young’s modulus, e.g., about 139 to 190 GPa, alloWing 
some actuator de?ection capability. For example, for a 50 
micrometer (UM) de?ection, a 5 mm by 5 mm by 50 
micrometer single layer silicon membrane can be used. The 
silicon membrane 50 is de?ned during its processing to have 
a belloWs/lever MEMS structure 52. The belloWs/lever 
structure can be manufactured by MEMS fabrication tech 
niques knoWn to those skilled in the art to form an actuator 
that moves the grating structures a predetermined distance 
based on inputs received from a controller 29. The move 
ment can even be on the order of a feW nanometers. As a 

belloWs moves, it could slide a lever or other interconnecting 
member and move the grating structure to Which it is 
connected a prede?ned distance to form a grating, such as 
illustrated in FIGS. 3-6. 

[0033] FIG. 9 illustrates in block format a hinged-plate 
actuator 60 Where a linkage 62 mechanically links and 
interconnects the hinged plate actuator 60 to a grating 
structure 38. The actuator 60 imparts an in-plane motion to 
the linkage 62 to form a horiZontal, back-and-forth recipro 
cating motion that moves the grating structure 38 into a 
desired position. The actuator could be formed by tWo 
vertically oriented electrodes Where one of the electrodes is 
moveable and the other electrode is ?xed, as knoWn to those 
skilled in the art. Voltage can be applied across the elec 
trodes by a controlled voltage source and the moveable 
electrode Would move or sWing toWard the ?xed electrode. 
This horiZontal displacement of the moveable electrode is 
transferred by linkage to the grating structure Where it is then 
positioned into a desired location. 

[0034] It is also possible to use a MEMS de?ectable beam 
member 70, as shoWn in FIG. 10, using a silicon, glass or 
quartZ material, as knoWn to those skilled in the art. The 
MEMS actuator can include an anchor 72 and bar member 
74 slidably or otherWise operatively connected relative to 
the anchor and biased by an electrostatic charge that Works 
in conjunction With a MEMS electrode 76, as knoWn to 
those skilled in the art. 

[0035] It is possible to form these and other MEMS 
actuators by techniques knoWn to those skilled in the art, 
including standard photolithographic techniques. These 
techniques can include deep ion reactive etching of various 
channels and holes, and the deposition of various thermal 
oxide ?lms, photolithography techniques, including photo 
resist application, and plasma etching. 

[0036] FIG. 7 illustrates another aspect of the present 
invention for a semiconducting tunable laser and ?lter 
apparatus 80 Where re?ection occurs at a Bragg Wavelength, 
as knoWn to those skilled in the art. If a semiconducting 
polymer distributed feedback (DFB) laser is used, then the 
re?ectors occur at the Bragg Wavelength: kBRAGG=2neff A, 
Where nSEE is the effective refractive index. FIG. 7 illustrates 
the use of a distributed Bragg grating region 81. The gratings 
can provide high re?ectivity and Wavelength selectivity. 
This tunable laser and ?lter apparatus can include a semi 
conductor substrate 82 and a laser structure 84 formed on the 
substrate. This laser structure includes an active layer 86, as 
knoWn to those skilled in the art, and in accordance With the 
present invention, a plurality of Bragg grating structures 88 
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are formed along the active layer to form a Bragg grating 
and provide optical re?ections at a desired Bragg Wave 
length. A microelectromechanical (MEMS) actuator 90 is 
operatively connected to each Bragg grating structure for 
changing the separation betWeen Bragg grating structures 
and tuning the Bragg grating to a desired Wavelength 
selectivity and limiting the laser output to a selected narroW 
band mode. The apparatus can include an optical gain region 
92 and also a phase adjust region 94 that are each selectively 
controlled via electrodes 96, 97. An electrode 98 also 
connects to the distributed Bragg grating 81. Electrodes 100 
control the MEMS actuator. 

[0037] As is knoWn to those skilled in the art, a surface 
emitting semiconductor laser of the type described can 
operate at high poWer levels and With high ef?ciency and can 
form a single far-?eld lobe in a single mode. The distributed 
feedback grating in the form of the Bragg grating is formed 
of periodically alternating grating elements to provide the 
optical feedback as a second order grating. Passive distrib 
uted Bragg re?ection gratings can be formed adjacent the 
distributed feedback grating and provide near-?eld unifor 
mity While maintaining high ef?ciency. The MEMS actuator 
for respective grating structures can be formed by standard 
photolithographic techniques as knoWn to those skilled in 
the art. 

[0038] The distributed feedback laser applications are 
becoming more commonplace in the more advanced tele 
communications systems and the use of dense Wavelength 
division multiplexing (DWDM), alloWing efficient combi 
nation of multi-channel (multi-carrier frequencies), and 
high-bit rate signals onto one optical ?ber. The laser sources 
typically operate at 1310 nanometer and 1550 nanometer to 
transmit digital information at very high rates, even higher 
than 2.5 gigabits each second. The lasers emit light in the 
multi-longitudinal mode and the narroW band Wavelengths 
cluster about a center Wavelength. The interference betWeen 
the different Wavelengths limits the number of channels that 
can be transmitted along an optical ?ber. The distributed 
feedback lasers use the grating Within the laser medium as 
illustrated to act as a ?lter to limit the laser output to a single 
narroW-band mode required for long haul and high speed 
telecommunications. 

[0039] The tunable optical grating of the present invention 
has special applicability to tuning Bragg gratings and can be 
used in optical dispersion compensation and broadband 
optical beam forming for phased array antennas, as an 
example. Other uses of the tuned grating, in accordance With 
the present invention, could include an optical ampli?er gain 
spectrum ?attening. It could also include adaptive optical 
equaliZation and recon?gurable optical add/drop multiplex 
ing as illustrated in FIG. 1 and in other examples as knoWn 
to those skilled in the art. It could be used With channel 
simulation and optical sensors, as Well as tunable optical 
bandpass and band stop ?lters. It can also be used With active 
temperature compensation of DFB devices. These are all 
areas of technology knoWn to those skilled in the art and the 
MEMS technology is especially applicable for these sys 
tems. 

[0040] Many modi?cations and other embodiments of the 
invention Will come to the mind of one skilled in the art 
having the bene?t of the teachings presented in the forego 
ing descriptions and the associated draWings. Therefore, it is 
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to be understood that the invention is not to be limited to the 
speci?c embodiments disclosed, and that the modi?cations 
and embodiments are intended to be included Within the 
scope of the dependent claims. 

That Which is claimed is: 
1. A tunable optical grating comprising: 

a plurality of optical grating structures contained Within 
an optical transmission path; and 

a microelectromechanical (MEMS) actuator operatively 
connected to each grating structure for changing the 
separation betWeen the grating structures and tuning the 
optical grating to a desired Wavelength selectivity. 

2. Atunable optical grating according to claim 1, Wherein 
said Bragg grating structures form a periodic grating. 

3. Atunable optical grating according to claim 1, Wherein 
said Bragg grating structures form a chirped grating. 

4. Atunable optical grating according to claim 1, Wherein 
said Bragg grating structures form a distributed feedback 
grating. 

5. Atunable optical grating according to claim 1, Wherein 
said Bragg grating structures form a Fabry-Perot Etalon 
add/drop grating structure. 

6. Atunable optical grating according to claim 1, Wherein 
and further comprising a silicon MEMS substrate on Which 
said Bragg grating structures are formed, said MEMS sub 
strate having formed actuators operatively connecting each 
Bragg grating structure. 

7. Atunable optical grating according to claim 6, Wherein 
said MEMS actuators are photolithographically formed on 
said MEMS substrate. 

8. Atunable optical grating according to claim 1, Wherein 
said MEMS actuators each comprise a ?at, single layer 
silicon membrane structure. 

9. Atunable optical grating according to claim 1, Wherein 
said MEMS actuators each comprise at least one anchor 
support and an arm member operatively connected to a 
Bragg grating structure and supported by the anchor support 
and movable thereWith for moving said Bragg grating struc 
ture relative to another Bragg grating structure. 

10. A tunable optical grating according to claim 1, 
Wherein said MEMS actuators each comprise a hinged plate 
actuator operatively connected to each Bragg grating struc 
ture. 

11. A tunable optical grating according to claim 1, and 
further comprising an optical Waveguide de?ning an input 
port through Which an optical signal passes through said 
Bragg grating structures and an optical Waveguide de?ning 
an output port for receiving the optical signal from the Bragg 
grating structures. 

12. A tunable optical grating structure according to claim 
11, and further comprising a collimating lens operatively 
connected to said input port and a converging lens opera 
tively connected to said output port. 

13. A tunable optical add/drop netWork element compris 
mg: 

an input port for receiving a multi-Wavelength optical 
signal and passing the optical signal along an optical 
transmission path; 

an output port for receiving the optical signal from the 
optical transmission path and passing the multi-Wave 
length optical signal With added or dropped optical 
signal channel components; 
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an optical add/drop element contained Within the optical 
transmission path, said optical add/drop element com 
prising; 

a plurality of Bragg grating structures contained Within 
the optical transmission path and forming a Bragg 
grating for receiving the optical signal and passing 
and/or re?ecting optical signal channel components 
of desired Wavelength; and 

a microelectromechanical (MEMS) actuator opera 
tively connected to each Bragg grating structure for 
changing the separation betWeen Bragg grating 
structures and tuning the Bragg grating to a desired 
Wavelength selectivity. 

14. A netWork element according to claim 13, and further 
comprising add and drop ports operatively connected to said 
optical add/drop element, Wherein optical signal channel 
components of desired Wavelength are added and dropped. 

15. A netWork element according to claim 13, Wherein 
said plurality of Bragg grating structures are con?gurable to 
be responsive to different optical signal channel compo 
nents. 

16. A netWork element according to claim 13, and further 
comprising a silicon MEMS substrate on Which said Bragg 
grating structures are formed, said MEMS substrate having 
formed actuators operatively connecting each Bragg grating 
structure. 

17. A netWork element according to claim 16, Wherein 
said MEMS actuators are photolithographically formed on 
said MEMS substrate. 

18. A netWork element according to claim 13, Wherein 
said MEMS actuators each comprise a ?at, single layer 
silicon membrane structure. 

19. A netWork element according to claim 13, Wherein 
said MEMS actuators each comprise at least one anchor 
support and an arm member operatively connected to a 
Bragg grating structure and supported by the anchor support 
and movable thereWith for moving said Bragg grating struc 
ture relative to another Bragg grating structure. 

20. A netWork element according to claim 13, Wherein 
said MEMS actuators each comprise a hinged plate actuator 
operatively connected to each Bragg grating structure. 

21. A tunable laser and ?lter apparatus comprising; 

a semiconductor substrate; 

a laser structure formed on the semiconductor substrate 
and further comprising an active layer and plurality of 
Bragg grating structures formed along the active layer 
to form a Bragg grating and provide optical re?ections 
at a desired Bragg Wavelength; and 

a microelectromechanical (MEMS) actuator operatively 
connected to each Bragg grating structure for changing 
the separation betWeen Bragg grating structures and 
tuning the Bragg grating to a desired Wavelength selec 
tivity and limiting the laser output to a selected narroW 
band mode. 

22. An apparatus according to claim 21, Wherein said laser 
structure comprises a distributed feedback laser. 

23. An apparatus according to claim 21, Wherein said 
active layer includes a quantum Well structure. 

24. An apparatus according to claim 21, Wherein and 
further comprising a silicon MEMS substrate on Which said 
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Bragg grating structures are formed, said MEMS substrate 
having formed actuators operatively connecting each Bragg 
grating structure. 

25. An apparatus according to claim 21, Wherein said 
MEMS actuators are photolithographically de?ned on said 
MEMS substrate. 

26. An apparatus according to claim 21, Wherein said 
MEMS actuators each comprise a ?at, single layer silicon 
membrane structure. 

27. An apparatus according to claim 21, Wherein said 
MEMS actuators each comprise at least one anchor support 
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and an arm member operatively connected to a Bragg 
grating structure and supported by the anchor support and 
movable thereWith for moving said Bragg grating structure 
relative to another Bragg grating structure. 

28. An apparatus according to claim 21, Wherein said 
MEMS actuators each comprise a hinged plate actuator 
operatively connected to each Bragg grating structure. 


