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PIXELLATED WDM OPTICAL COMPONENTS 

FIELD OF THE INVENTION 

[0001] This invention relates to optical components, par 
ticularly optical components for use in Wavelength division 
multiplexed (WDM) optical networks. 

BACKGROUND OF THE INVENTION 

[0002] The growing importance of Wavelength division 
multiplexing (WDM) has exerted a need for a variety of 
optical components for various functions important to the 
quality of such netWorks. 

[0003] In particular, in WDM optical netWorks it may be 
necessary to provide equalizers to compensate for differ 
ences in signal poWer levels in the multiple channels of a 
WDM transmission system. Such differences may arise, for 
example, because of loss variations or nonlinear effect in 
optical ?bers or non-?at gain spectra in optical ampli?ers. 
Moreover, in optical netWorks, signals originating from 
different modes or taking different paths may need to be 
combined at some point and so require adjustment or 
equalization in their poWer levels. An example of equaliza 
tion of multiple channels of a WDM transmission system is 
described in US. Pat. No. 5,745,271 that issued on Apr. 28, 
1998 to J. E. Ford, D. A. B. Miller, M. C. Nuss and J. A. 
Walker. 

[0004] Equalizers can also be used at WDM transmitter 
locations to provide channel equalization, or pre-emphasis, 
before the signals are launched into the transmission system. 
WDM equalizers could also be useful in optical netWork 
components, such as a cross-connect Where signal equaliza 
tion might improve cross-talk and signal-to-noise ratios. 

[0005] Also important in a WDM optical netWork is the 
optical monitoring function to monitor optical spectra, par 
ticularly as the number of channels increases, Wavelength 
tolerances narroW, and systems evolve toWards all-optical 
netWorks. 

[0006] Of increasing interest for such functions has been 
the use of micromechanical optical devices because of 
potential greater ruggedness, longer life and loWer costs that 
such devices promise. Such devices shoW great promise in 
applications Where the action is not especially Wavelength 
dependent, as for example in the control of the total poWer 
level of a multichannel signal rather than of individual 
components. 

[0007] There currently are available optical components 
that have been developed for use in video and computer 
projections that comprise tWo-dimensional arrays in hori 
zontal roWs or vertical columns of single-axis tilting digi 
tally (bistable) settable micromechanical mirrors, such as the 
Digital Micromirror Device (DMD). These have been com 
mercialized for use in video and computer projection sys 
tems in large arrays (greater than 800x600 pixels). Each 
pixel in the array, for example, may comprise a 16x16 
micron aluminum-coated mirror that is separately address 
able and can be tilted, for example, plus or minus ten degrees 
electronically. The pixel spacing may be 17 microns, result 
ing in an overall ?ll factor of about ninety percent. More 
over, it appears likely that further improvements Will be 
forthcoming that Will permit smaller size With similarly tight 
packing. 
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SUMMARY OF THE INVENTION 

[0008] The present invention is based on the use of a 

tWo-dimensional micromirror array, for example, of the kind 
described. In particular, for controlled attenuation of com 
ponents of a multiWavelength optical signal, such as par 
ticular channels of a WDM optical signal, the multiWave 
length signal is supplied to a dispersive element, such as a 
prism, diffraction grating, or arrayed Waveguide grating 
router (AWGR) that separates spatially the different Wave 
length components and provides a unique direction for each. 
A micromirror array of the kind described is positioned in 
the paths of the separated Wavelength components such that 
the components of different Wavelengths are incident on 
different portions of the micromirror array. By adjusting 
appropriately the number of mirrors in each of said different 
portions Whose tilt is such as to transmit or redirect its 
incident light in a selected direction, there is controlled the 
incident light of a particular channel that is directed in the 
selected direction. Advantageously, by appropriate adjust 
ment of the tilt, all the light redirected in the selected 
direction can be combined in a single output signal by the 
same dispersive element initially used to separate the input 
signal into the different Wavelength components. Alterna 
tively, the redirected light can be combined in a single output 
signal by a separate dispersive element. 

[0009] Advantageously, the mirrors in the panel are 
arrayed in essentially horizontal roWs and vertical columns, 
and each component signal is directed to be incident on a 
selected different column (roW), or group of columns, of the 
array and the attenuation provided is controlled by a number 
of mirrors in such selected column (roW) or group Whose tilt 
is such that the incident light is not transmitted or re?ected 
in a direction to be successfully combined in the output 
signal. It should be apparent that the light can be dispersed 
either to separate horizontally or vertically by the choice of 
orientation of the dispersive element. To simplify the dis 
cussion, it Will be assumed hereafter that the different 
Wavelength components are displaced in a horizontal direc 
tion to be incident on different vertical columns of mircro 
mirors With the understanding that by a ninety degree 
rotation a column becomes a roW. It Would also be advan 
tageous if each component is spread a uniform amount in the 
vertical direction to utilize a large number of pixels in each 
vertical column so that the amount of light re?ected in the 
selected direction is primarily dependent on the number of 
mirrors appropriately tilted in the column on Which the light 
is incident. 

[0010] It can be appreciated that because there can be 
available hundreds of columns, a large number of Wave 
length channels can be accommodated. In particular, in 
many cases, there Will be sufficient columns to permit each 
channel to use a plurality of adjacent columns to reduce the 
Waste of signal poWer. Moreover, because there also can be 
hundreds of roWs, there can be hundreds of pixels in each 
column that are available for use so that the attenuation level 
introduced can be controlled With a continuous ?ne grain 
structure, even though each pixel is only digitally settable. 
Moreover, because of the large number of mirrors that can 
be assigned to each channel, the failure of a feW mirrors 
Would have little affect on the operation, and so be tolerable. 
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[0011] Additionally the alignment of the mirror columns 
and roWs can be arranged to compensate for aberrations in 
the dispersive element or included optics that distort the 
shape of the beam that is incident on the panel. 

[0012] In a different application, a micromirror array of 
the kind described can be used to form an optical monitor for 
use in a WDM optical netWork acting as spectrum analyZer 
to measure the optical poWer spectrum of the WDM, channel 
by channel, alloWing determination of signal poWer, signal 
bandWidth noise spectrum, and signal-to-noise-ratio (SNR). 

[0013] For such application, a multiWavelength optical 
signal, such as a WDM optical signal, is again supplied to a 
dispersive element for separating spatially the various chan 
nels and the dispersed components are made incident on a 

micromirror array of the kind described, so that the optical 
spectrum is dispersed across the plane formed by the micro 
mirror array. In this application, the mirrors are operated so 
that at any one instant, only mirrors in a single column, or 
single unique group of adjacent columns corresponding to 
one channel of the array, are tilted to re?ect the light in a 
chosen direction and this re?ected light of each channel is 
collected in turn to provide an electrical signal Whose 
amplitude can be recorded or displayed as a measure of the 

poWer level of the channel or Wavelength accessed at the 
corresponding time. Because of the large number of possible 
columns available, ?ne grain resolution can be achieved. In 
some instances, it may be desirable to direct for detection 
only a known friction of the signal to permit the use of the 
undetected portion for useful signal transmission. 

[0014] It can be appreciated that here also by a change of 
90° in orientation a column becomes a roW and a roW a 

column so that the terms are interchangeable. 

[0015] Moreover, it should be feasible to substitute for the 
tWo-dimensional arrays of micromirrors such as to utiliZe in 
similar fashion tWo-dimensional arrays of other forms of 
microelements Whose transmissivity in a desired direction 
can be controlled by controlling the transmission properties 
to incident light, to be either absorbing or transmitting. 

[0016] The invention Will be better understood from the 
folloWing more detailed description taken in conjunction 
With the accompanying draWing. 

BRIEF DESCRIPTION OF THE DRAWING 

[0017] FIG. 1 is a schematic draWing shoWing a portion of 
a micromirror array of the kind used in the invention. 

[0018] FIG. 2 shoWs schematically a free space arrange 
ment using a micromirror array of FIG. 1 for introducing 
individually-controlled attenuation in different Wavelength 
channels of a WDM optical netWork, as one illustrative 
embodiment of the invention. 

[0019] FIG. 3 shoWs an alternative channeliZed arrange 
ment for performing a similar attenuation process, and is 
illustrative of another embodiment of the invention. 

[0020] FIG. 4 shoWs the micromirror array of FIG. 1 
included in an optical monitor for use as a poWer spectrum 
analyZer in a WDM optical netWork, as another illustrative 
embodiment of the invention. 
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DETAILED DESCRIPTION 

[0021] With reference noW to the draWing, in FIG. 1, there 
is shoWn schematically a portion of a micromirror array 
panel 10 of the kind for use in the invention. In the panel, 
each square 12 represents a mirror (pixel), typically about 16 
microns square, although the siZe can vary over a Wide 
range, larger and smaller. The mirrors advantageously are 
arranged in horiZontal roWs and vertical columns to form a 
tWo-dimensional rectangular array. The mirrors are spaced 
apart to have a center-to-center spacing both in the horiZon 
tal and vertical directions, typically of about 17 microns, 
although in the draWing for the sake of simplicity, the 
mirrors are shoWn packed With no spacing. The tilt of each 
mirror can be individually controlled by an electrostatic 
control panel (not seen), typically positioned behind the 
mirrors, that addresses individual mirrors. Suitable circuitry 
(not shoWn) is included to control dynamically the tilt of 
individual mirrors. Typically each mirror can be tilted either 
plus or minus ten degrees With respect to a normal to the 
plane of the panel. In the ?gure, the difference in states 
betWeen mirror tilts is indicated by the slanted line 14 to 
indicate mirrors With a tilt to favor scattering in the non 
selected direction. In this system an input multiWavelength 
optical signal has its components of different Wavelength 
dispersed different amounts in a horiZontal direction so that 
signals of different channels are incident on different vertical 
slices, or columns, of the mirror plane so that each channel 
is affected by the number of mirrors that are of the appro 
priate tilt at its particular column or group of columns. If 
only the mirrors shoWn tilted are oriented to return the 
incident light rather than scatter it, the signal channel 
incident on the column labeled A of the mirrors Would be 
most attenuated, While the signal channel incident on the 
column labeled C Would be least attenuated, if it is assumed 
that each of the channel signals is made to have an essen 
tially uniform full vertical height as it is incident on the 
panel. 
[0022] In FIG. 2 there is shoWn a top vieW of the basic 
arrangement used to introduce different amounts of attenu 
ation for purposes of equaliZation. To simplify the draWing, 
only tWo different Wavelength channels 20A, 20B of an 
input WDM signal 20 are shoWn incident on a dispersive 
element, such as a prism or a diffraction grating 22, that 
separates the input multiWavelength signal 20 into the tWo 
channels 20A, 20B for incidence on the micromirror array 
panel 24, essentially of the kind shoWn in FIG. 2, in Which 
the light of channel 20A is made incident, for eXample, along 
column A of the micromirror array and the light of channel 
20B is made incident along column B of the micromirror 
array. After re?ection in the selected direction from the 
micromirror array 24, back into the dispersive element 22, 
the tWo signals 20A and 20B are recombined and eXit as an 
output tWo-channel WDM signal 20C. Of course, the input 
signal typically Would have been a WDM signal of consid 
erably more than tWo channels. Adjustment of the tilt of the 
individual mirrors of the panel 24 is controlled by suitably 
programmed control circuitry 26. In a more complex 
arrangement, it also should be advantageous to include 
suitable optics, for eXample, intermediate betWeen the dis 
persive element 22 and the micromirror array to spread each 
light beam in a vertical direction to eXtend its height before 
it is incident on the micromirror array the better to utiliZe the 
height of the mirror column, and to condense each re?ected 
light beam vertically after it is re?ected from micromirror 
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array. This Would make it easier for the input light signal 
initially to be a narrow beam provided by an input optical 
?ber and to be collected after equalization as a narroW beam 
in a single output ?ber. 

[0023] Additionally, provisions can be made to capture the 
light that is scattered rather than returned, after incidence on 
the micromirror array, if use is to be made of such scattered 
light For eXample, a photodetector 28 can be positioned to 
capture light that has not been redirected in the direction for 
recombining to provide a measure of the intensity of the 
light in that channel for various monitoring purposes. In 
such a system, a separate photodetector can be provided for 
each channel to be monitored, 

[0024] Since each Wavelength component can be made to 
impact a large number of mirrors, or piXels, even if each 
piXel is only digitally-settable, ?ne grain, near continuous, 
adjustment of attenuation is possible. The optical con?gu 
ration is very adaptable, and so it alloWs for continuous 
adjustment over the Whole spectrum of channel Wave 
lengths. Moreover, because of the large number of piXels 
that are available for each channel component, the reliability 
of the apparatus can be high, since failure of feW piXels on 
the array Would have little impact on overall performance. In 
a typical mirror array of 500,000 piXels, each channel of a 
hundred channel WDM system could easily have available 
at least 1,000 piXels to provide at least 1000 possible levels 
of equalization. 

[0025] An application Ser. No. 08/968,935 Was ?led on 
Nov. 12, 1997 (Aksyuk et al. 5-11-18-47) having the same 
assignee as the instant application and including a common 
inventor. This application discloses a Wavelength division 
multipleX add/drop device using a dispersive element to 
separate channels of a WDM signal and to direct separate 
channels to individual mirrors in the roW for selective 
re?ection back to the dispersive element, and its teaching is 
incorporated herein by reference. 

[0026] FIG. 3 shoWs another version of a WDM equalizer 
using a micromirror array panel that includes optics to 
provide collimation of the dispersed beams. A multichannel 
WDM optical signal 30 is supplied to port 32A of an optical 
circulator for eXit at port 32B and entry into the input port 
of a demultipleXer 34, for eXample of the form bloWn as an 
arrayed Waveguide grating router (AWGR), that separates an 
input multiWavelength signal into individual channels, a 
different one at each different output Waveguide, 36A-36N. 
The beam of each of these channels advantageously is 
separately shaped in one of the collimators 38A-38N so that 
each beam illuminates a vertical slice of the piXellated panel 
array 39 of the kind shoWn in FIG. 1, enabling near 
continuous adjustment of the loss over a large dynamic 
range. Arrayed Waveguide grating routers are typically made 
as planar lightWave circuits (PLC) With silica Waveguides on 
silicon. Accordingly, it is feasible to fabricate lenses on such 
silica Waveguides, or to attach a lens array at their ends, to 
collimate or shape the individual beams to form primarily 
one-dimensional vertical beams for incidence on the panel 
39. The mirrors can be adjusted, essentially in the same 
manner as has been discussed With reference to FIG. 2, to 
re?ect the portion of each light beam being re?ected back to 
pass through the collimators 38 and the AWGR 34. Because 
of the reciprocal nature of the AWGR, the individual beams 
are noW recombined into a single equalized beam that passes 
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out through the input port of the AGWR and is supplied to 
port 32B of the circulator for eXit at port 32C for continued 
travel. 

[0027] It should be apparent that a Wide variety of forms 
of optics can be devised for use With the piXel panel to 
implement similar modes of equalization. 

[0028] The principles involved in the piXellated WDM 
optical equalizers can be used to implement other functions 
important in WDM optical netWorks. In FIG. 4 there is 
shoWn an arrangement 40 that uses a micromirror panel 41 
of the kind described to implement a WDM optical monitor. 
The WDM optical monitor, acting as an optical spectrum 
analyzer, can be used to measure the optical poWer channel 
spectrum of the WDM signal for the determination of one or 
more of the signal poWer, signal bandWidth, noise spectrum, 
and signal-to-noise ratio. 

[0029] As in the arrangement of FIG. 3, an input multi 
channel WDM optical signal 42 is made incident on a 
suitable dispersive element 44, such as a diffraction grating, 
to demultipleX the multichannel signal into the component 
channels signals that are made incident on different portions 
of the piXel panel 41. NoW to measure the poWer level of the 
different channels of the Whole spectrum that is dispersed 
across the piXel plane, at any instant in time only a single 
column or limited number of adjacent columns of mirrors, 
are tilted to redirect the incident light. The redirected light is 
collected by a suitable photo detector-ampli?er 48 that 
converts the incident light into an electrical signal, advan 
tageously With equally high efficiency over the Whole spec 
trum involved. This electrical signal then is recorded and/or 
displayed by the control and acquisition apparatus 49 that 
also serves to control the tilt of the mirrors of the panel 41. 
Scanning across the piXel plane one column or a limited 
number of adjacent columns at a time under control of the 
acquisition and control circuitry 49 enables the Whole spec 
trum of channels to be sampled one at a time. A time trace 
of the detected signal is a measure of the poWer level of the 
individual channels of the optical signal. High resolution is 
possible since the piXel panel can easily be made to have 
1000 columns. This compares favorably With state of the art 
long-Wavelength detector arrays, Which are generally lim 
ited to about 256 detecting elements. Again, a high degree of 
redundancy is possible since each column can have hun 
dreds of pixels. Finally, as the tilted mirrors are fast moving, 
lock-in detection methods can be used to improve signal 
detection and to minimize stray light effects. For eXample, 
the columns of mirrors can be vibrated to modulate the 
re?ected light, Which can then be detected using lock-in 
detection methods at the control and acquisition apparatus 
49. Any stray light scattered from imperfections in the piXel 
plane or from other elements of the optical monitor 
described could be rejected or compensated for. 

[0030] Moreover, as has been mentioned earlier, it should 
be feasible to utilize arrangements of the kind described in 
connection With FIGS. 2 and 3 also do monitoring functions 
by capturing the light that Was not re?ected back for 
recombination into a single output beam. Such de?ected 
light for each channel can be separately collected in its oWn 
separate detector-ampli?er for recording and/or display in 
suitable apparatus. Such collected light Will be a measure of 
the instantaneous poWer level of the signal in such channel 
and can be used for control purposes. 
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[0031] It should be recognized that the invention can be 
extended to the use of panels in Which the various pixel 
elements of the panel need not re?ect the incident light to be 
recombined in a selected direction but can simply transmit 
the light in the desired direction, absorbing or scattering the 
light not to be so recornbined. In such a case the piXel 
elernents need not be rnicrornirrors but might be similarly 
srnall rnicroelernents that can be made selectively transrnis 
sive or absorptive by an applied voltage. 

What is claimed: 
1. Apparatus for inserting a controlled amount of attenu 

ation in the poWer level of individual channels of a Wave 
length-division rnultipleX Waveguide optical signal cornpris 
ing: 

a panel comprising a plurality of rnicroelernents that can 
each selectively be made either to transmit or not to 
transmit incident light in a desired direction suitable for 
recornbining the light, the elements being arranged in a 
two-dimensional array essentially of roWs and col 
urnns; 

an input port adapted to be supplied With an input Wave 
length division rnultipleXed signal to be treated; 

an output port adapted for providing for further transmis 
sion of the optical signal after treatment; and 

means positioned for receiving the optical signal from the 
input port, separating the signal into individual channel 
signals directing the different channel signals along 
different paths for incidence on different portions of the 
panel, collecting and combining the amount of light of 
different channels transrnitted after incidence on the 
panel and directing the collected light to an output port 
for further transmission. 

2. Apparatus in accordance with claim 1 in Which the 
panel comprises an array of rnicrornirrors each of Which is 
tiltable either to direct or not to direct incident light along a 
selected direction for recombination. 

3. Apparatus in accordance with claim 1 in Which the 
panel comprises an array of elements, each of Which can be 
made to transmit incident light in a desired direction for 
recombination or to absorb it. 

4. Apparatus for inserting a controlled amount of attenu 
ation in the poWer level of individual channels of a Wave 
length division rnultipleXed optical signal comprising: 

a rnicrornirror array panel having a plurality of rnicrornir 
rors arranged in roWs and columns, each rnirror being 
tiltable; 

an input port adapted to be supplied With a Wavelength 
division-rnultipleXed optical signal to be affected; 

an output port adapted for providing for further transmis 
sion of the optical signal after it has been affected; 

a dispersive elernent positioned for receiving the optical 
signal from the input port, separating the signal into 
individual channels, directing the different channels 
along different paths for incidence on different portions 
of the rnicrornirror-array panel, collecting and cornbin 
ing the different channels re?ected toWards it into a 
single bearn after incidence on the panel, and for 
directing the single beam to the output port; and 
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a circuit for providing control signals to the panel for 
controlling the tilt of the mirrors that are to re?ect 
incident light received from the dispersive elernent 
back toWards the dispersive element for combining and 
directing it back to the output port. 

5. Apparatus of claim 4 in Which the dispersive elernent 
comprises a diffraction grating. 

6. Apparatus of claim 4 in Which the dispersive elernent 
comprises a prisrn. 

7. Apparatus in accordance with claim 4 in Which the 
dispersive element is an arrayed-Waveguide-grating router 

8. Apparatus in accordance with claim 4 in Which the 
different portions are different single columns of rnicrornir 
rors. 

9. Apparatus in accordance with claim 4 in Which the 
different portions are different groups of a plural number of 
adjacent columns of mirrors. 

10. Apparatus for inserting a controlled attenuation in the 
poWer level of individual channels of an optical signal 
including a plurality of channels of different Wavelengths 
cornprising: 

rnicrornirror panel having a plurality of rnicrornirrors 
arranged in a two dimensional planar array, each mirror 
in the array being tiltable; and 

means for receiving an input optical signal including a 
plurality of channels of different Wavelengths for sepa 
rating the channels and directing the light of each for 
incidence on a different portion of the rnicrornirror 
panel and for combining into the output signal the light 
re?ected from the different portions of the rnicrornirror 
panel having the appropriate tilt to be combined. 

11. Apparatus in accordance with claim 10 in Which said 
means comprises a dispersive elernent positioned in the path 
of the input optical signal and in the path of the re?ected 
light to be recornbined into the output signal. 

12. Apparatus in accordance with claim 10 in Which sad 
means comprises an arrayed-Waveguide-grating router. 

13. Apparatus in accordance with claim 10 in Which said 
means comprises a diffraction grating. 

14. Apparatus in accordance with claim 10 in Which the 
rnicrornirrors are arranged in roWs and columns and the 
attenuation is controlled by controlling the number of rnir 
rors for each channel Whose tilt is such as to re?ect the light 
back for collection for the output signal. 

15. Apparatus in accordance with claim 10 in Which there 
is included provision for collecting for utiliZation light 
re?ected frorn rnirrors having other than the appropriate tilt 
for combining in the output signal. 

16. Apparatus in accordance with claim 10 in Which the 
dispersive means comprises an arrayed-Waveguide-grating 
router. 

17. Apparatus in accordance with claim 10 in Which the 
input optical signal is provided from a ?rst optical ?ber and 
the combined output light is supplied to a second optical 
?ber. 

18. An optical power spectrum analyZer comprising: 

a rnicrornirror-array panel having a plurality of columns 
of tiltable rnicrornirrors; 

a dispersive element for receiving an input optical signal 
including a plurality of different Wavelength compo 
nents, separating the optical signal into the individual 
Wavelength components and directing them separately 
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at the rnicrornirror array panel such that different Wave 
length components are incident on different columns of 
the rnicrornirrors of the panel; 

an optoelectronic detector for receiving optical signals 
re?ected from the panel for conversion to electrical 
signals; and 

a control circuit for tilting in succession groups of adja 
cent colurnns of the panel for directing the light inci 
dent on such tilted group for interception by the opto 
electronic detector for providing an electrical signal 
that is a measure of the poWer level of the Wavelength 
cornponent incident on the group of mirrors of the array 
at the time such group Was tilted for interception. 
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19. The optical power spectrum analyZer of claim 18 in 
Which the dispersive element is a diffraction grating. 

20. The optical power spectrum analyZer of claim 18 in 
Which there is more than one column of mirrors in each 
group of the array associated With each Wavelength compo 
nent and each Wavelength component is incident on a 
different single group of columns of the array. 

21. The optical power spectrum analyZer of claim 18 in 
Which each group consists of only a single column of the 
array. 


