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SYSTEM AND METHOD FOR PROGRAMMABLE 
POLARIZATION-INDEPENDENT PHASE 
COMPENSATION OF OPTICAL SIGNALS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional under 37 CFR 
1.53(b) of US. application Ser. No. 10/178,949 ?led Jun. 24, 
2002, Which claims the bene?t under 35 USC 119(e) of 
US. Provisional Application Ser. No. 60/303,763 ?led Jul. 
6, 2001, Which applications are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to optical communi 
cations and the processing of optical signals, and in particu 
lar relates to systems and methods for adjusting the phase of 
optical signals having an arbitrary polariZation. 

BACKGROUND OF THE INVENTION 

[0003] The transmission of information over optical ?bers 
is becoming pervasive. This is motivated, at least in part, 
because optical ?ber offers much larger bandWidths than 
electrical cable. Moreover, optical ?ber can connect nodes 
over large distances and transmit optical information 
betWeen such nodes at the speed of light. 

[0004] There are, however, a number of physical effects 
that limit the ability to transmit large amounts of information 
over an optical ?ber. One such effect is called “chromatic 
dispersion,” Which refers to the spreading of a pulse of light 
(i.e., an “optical signal” or “lightWave signal”) due to the 
variation in the propagation velocity of the different optical 
frequencies (or equivalently, Wavelengths) making up the 
pulse. 
[0005] Chromatic dispersion has tWo root causes. The ?rst 
is due to the fact that silica of the optical ?ber, like any 
optical material, has an indeX of refraction that is frequency 
dependent. This is referred to as “material dispersion.” The 
second cause is due to the nature of the propagation of light 
doWn the ?ber and is referred to as “Waveguide dispersion.” 
The poWer distribution of the light betWeen the core and the 
cladding of the ?ber is a function of frequency. This means 
the “effective index” or “propagation constant” of the 
Waveguide mode is a function of frequency as Well, Which 
causes the optical signal to disperse as it travels doWn the 
?ber. 

[0006] In optical ?ber communication systems, chromatic 
dispersion causes individual bits to broaden, since each bit 
is composed of a range of optical frequencies that separate 
due to their different propagation velocities. Such broaden 
ing eventually leads to intersymbol interference due to 
overlap of adjacent bits, Which results in unacceptable data 
transmission errors. Chromatic dispersion compensation is 
usually needed to obtain the required performance in light 
Wave transmission systems operating at per channel data 
rates of 10 Gb/s or above. For eXample, the dispersion of a 
standard single mode ?ber (SMF) at the key lightWave 
communications Wavelength of 1550 nm is roughly 17 
ps/nm-km. For a 10 Gb/s transmission system, the optical 
bandWidth per channel is typically a minimum of 0.1 nm, 
and is often greater. Transmission through a 30 km span of 
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SMF Would lead to a chromatic dispersive broadening of the 
signal of 51 ps, Which is 50% of the bit period (100 ps). 

[0007] Such a broadening is unacceptably large and Would 
lead to a large error rate. The problem becomes much more 
acute With higher data rates, such as 40 Gb/s per channel 
systems currently under development. The problem Will 
even become more acute for the anticipated higher data rate 
systems presently being contemplated. Further details about 
the nature of chromatic dispersion in optical ?bers and the 
consequences for optical netWorks can be found in the book 
by RamasWami and Sivarajan, entitled Optical Networks, a 
Practical Perspective, Morgan Kaufmann Publishers, in 
chapter 2.3. 

[0008] Efforts have been made in the past to develop 
systems and methods for compensating for the effects of 
chromatic dispersion. For eXample, dispersion-compensat 
ing ?bers (DCF) have been developed that have the opposite 
sign of dispersion compared to conventional single mode 
?bers have been developed and are Widely deployed as 
compensators. HoWever, the DCF technique lacks the ability 
to easily ?ne tune the spectral variation of the dispersion and 
involves a relatively large insertion loss for long ?ber links. 
Chirped ?ber Bragg gratings can also compensate ?Xed 
amounts of dispersion, but only for one WDM channel at a 
time. Both techniques lack the ability to reprogram or 
programmably ?ne tune the amount of dispersion and its 
spectral pro?le, Which is likely to be needed to develop 
higher rate lightWave communication systems. 

[0009] A number of Workers have used programmable 
pulse shapers to programmably compensate chromatic dis 
persion in high-poWer femtosecond pulse ampli?ers and in 
nonlinear optical pulse compression systems. A variety of 
spatial light modulator (SLM) types have been used, includ 
ing liquid crystals, acousto-optic modulators, and deform 
able mirrors. 

[0010] By Way of examples, the use of a deformable 
mirror SLM to correct chromatic dispersion is described in 
the paper by E. Zeek et al., Pulse compression by use of 
deformable mirrors, Opt. Lett, 24, 493-495 (1999). The use 
of an arrayed Waveguide grating (AWG) rather than a bulk 
diffraction grating as the spectral disperser is described in 
the paper by H. Takenouchi et al., entitled 2><40-channel 
dispersion-slope compensator for 40-Gbit/s WDM transmis 
sion systems covering entire C- and L-bands, presented at 
the Optical Fiber Communications Conference (OFC), spon 
sored by the Optical Society of America, Anaheim, Calif., 
March 2001; hoWever, in this paper a ?Xed phase mask is 
used in place of an SLM, With the result that the dispersion 
is not programmable. Further, the article by C. Chang et al. 
entitled Dispersion-free ?ber transmission for femtosecond 
pulses by use of a dispersion-compensating ?ber and a 
programmable pulse shaper, Opt. Lett. 23, 283-285 (1998) 
describes chromatic dispersion compensation using a liquid 
crystal SLM. 

[0011] These and the other efforts described in the cited 
references all have the shortcoming that the operation of the 
dispersion compensation system depends on the SOP and/or 
that the system is not suf?ciently programmable to handle 
the dispersion slope and higher-order dispersion terms or to 
reprogram the dispersion pro?le to accommodate changes in 
the length of optical ?ber links in a sWitched optical net 
Working environment. The dependence of a chromatic dis 
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persion compensation system on the SOP of the input 
lightWave is major shortcoming because the SOP of light 
having traveled through an optical ?ber system is scrambled 
and can vary With time, resulting in polariZation-dependent 
loss (PDL). Further, the inability to robustly perform phase 
encoding of the signal reduces the ability to accurately 
compensate for the chromatic dispersion characteristics of a 
given optical ?ber system. 

[0012] Accordingly, What is needed is a system and 
method that can programmably compensate, With a high 
degree of accuracy, an optical signal for chromatic disper 
sion effects of an optical ?ber, While also being insensitive 
to the SOP of the light signal being processed. 

SUMMARY OF THE INVENTION 

[0013] The present invention relates to optical communi 
cations and the processing of optical signals, and in particu 
lar relates to systems and methods for adjusting the phase of 
optical signals having an arbitrary polariZation. The present 
invention ?nds particularly utility in correcting, reducing or 
otherWise adjusting chromatic dispersion in optical signals. 

[0014] The present invention provides the capability to 
programmably control pulse broadening due to chromatic 
dispersion in chromatically dispersive media, and in par 
ticular in optical ?ber communications systems and net 
Works. This capability alloWs optical ?ber lightWave com 
munication systems to run at higher speeds over longer 
distances by compensating chromatic dispersion, Which is 
regarded as a key impairment for high-performance light 
Wave communication systems. The present invention can be 
applied both to very high-speed time-division multiplexed 
(TDM) and to Wavelength division multiplexed (WDM) 
optical communications. In the case of WDM systems, 
several WDM channels can be independently compensated 
and can be programmed to achieve nearly arbitrary disper 
sion pro?les in order to match the system requirements. The 
chromatic dispersion compensator can handle input optical 
signals With arbitrary and unspeci?ed state of polariZation, 
and may be con?gured to provide substantially Zero PDL. 

[0015] Accordingly, a ?rst aspect of the invention is a 
system for programmably adjusting the phase of the fre 
quency components of an optical signal of arbitrary polar 
iZation. The system includes a ?rst dispersive module 
arranged to receive and disperse the optical signal into its 
frequency components. A polarization-independent spatial 
light modulator (PI-SLM) having an active area comprising 
a plurality of independently programmable addressable 
regions is arranged to receive the frequency components on 
the active area. The PI-SLM may be, for example, a liquid 
crystal SLM adapted for polarization-independent opera 
tion, or a programmably deformable mirror. A controller is 
coupled to the PI-SLM. During operation of the system, the 
controller causes the PI-SLM to independently adjust the 
phase of one or more of the frequency components. 

[0016] In an example embodiment of the invention, the 
phase-adjustment is performed to alter chromatic dispersion 
in the optical signal. 

[0017] A second aspect of the invention is a method of 
programmably adjusting the phase of the frequency com 
ponents of an optical signal of arbitrary polariZation to 
adjust the amount of chromatic dispersion in the signal. The 
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method includes spatially dispersing frequency components 
of the optical signal onto a polarization-independent spatial 
light modulator (PI-SLM) over an active area having a 
plurality of independently programmable addressable 
regions. The method further includes independently adjust 
ing one or more of the addressable regions to alter the phase 
of the corresponding frequency components incident 
thereon. The phase-altered signals are then recombined to 
produce a compensated optical signal. 

[0018] A third aspect of the invention includes the above 
described method, and involves adjusting the polariZation of 
the optical signal frequency components so as to reduce any 
polariZation-dependent loss (PDL) due to dispersing the 
optical signal into its frequency components and/or recom 
bining the phase-altered frequency components to form the 
compensated optical signal. 
[0019] A fourth aspect of the invention involves using the 
chromatic dispersion compensation system of the present 
invention to compensate for chromatic dispersion in channel 
optical signals in a Wavelength-division multiplexed 
(WDM) signal. This is accomplished by dividing up the 
active area of the PI-SLM into sets of addressable regions 
corresponding to the frequency components of the different 
channel optical signals, and then compensating the fre 
quency components of each channel signal. The compen 
sated channel signals can then be detected, transferred to 
another optical system, or recombined With a multiplexer to 
form a compensated WDM signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a schematic diagram of the chromatic 
dispersion compensation system of the present invention as 
part of a larger lightWave optical system for reducing 
chromatic dispersion in an optical signal caused, for 
example, by transmission through an optical system With 
chromatic dispersion; 

[0021] FIG. 2A is a close-up perspective vieW of a liquid 
crystal-based SLM that is adaptable as one type of polar 
iZation-insensitive SLM (PI-SLM) suitable for use in the 
chromatic dispersion compensation system of FIG. 1; 

[0022] FIG. 2B is an exploded perspective vieW of a 
re?ective single liquid crystal layer PI-SLM that includes a 
polariZation-adjusting element betWeen the liquid crystal 
array of addressable regions and the re?ecting member; 

[0023] FIG. 3 is a schematic diagram of a transmission 
mode embodiment of the chromatic dispersion compensa 
tion system of FIG. 1 that employs the tWo-layer liquid 
crystal SLM of FIG. 2A, Which is adapted to be 
polariZation-independent, the system further including dif 
fraction gratings in the dispersive modules; 

[0024] FIG. 4 is a schematic diagram of an on-axis 
re?ection-mode embodiment of the chromatic dispersion 
compensation system of FIG. 1 that employs a single optical 
?ber as the input and output optical ?ber, and a circulator 
connected to ?rst and second optical ?bers and the single 
optical ?ber; 
[0025] FIG. 5A is a schematic diagram of an on-axis 
re?ection-mode embodiment of a chromatic dispersion com 
pensation system similar to that of FIG. 4, but that includes 
an optical system having magni?cation to reduce the overall 
siZe of the system; 
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[0026] FIG. 5B is a schematic diagram of an example 
telescope embodiment of the magni?cation optical system of 
the chromatic dispersion compensation system of FIG. 5A 

[0027] FIG. 6 is a schematic diagram of an off-axis 
re?ection-mode embodiment of the chromatic dispersion 
compensation system of FIG. 1 similar to that of FIG. 4 and 
that employs input and output optical ?bers; 

[0028] FIG. 7A is a schematic diagram of an optical 
processing system that includes the chromatic dispersion 
compensation system of the present invention, Wherein the 
latter is used to perform post-compensation of an optical 
signal having passed through an optical system With chro 
matic dispersion; 

[0029] FIG. 7B is a schematic diagram of an optical 
processing system that includes the chromatic dispersion 
compensation system of the present invention, Wherein the 
latter is used to perform pre-compensation of an optical 
signal to be passed through an optical system With chromatic 
dispersion; 
[0030] FIGS. 7C and 7D are schematic diagrams of 
embodiments of optical processing systems that includes the 
chromatic dispersion compensation system of the present 
invention, Wherein a detection system is used to interrogate 
the optical system to measure its chromatic dispersion and to 
provide information for the chromatic dispersion compen 
sation system to perform post-compensation (FIG. 7C) or 
pre-compensation (FIG. 7D) of an optical signal; 

[0031] FIG. 8A is an embodiment of an optical processing 
system that includes the chromatic compensation system of 
the present invention, Wherein the signals associated With 
different WDM channels are individually compensated for 
chromatic dispersion and then received by respective optical 
systems; 

[0032] FIG. 8B is an embodiment of an optical processing 
system similar to that of FIG. 8A, but further including a 
multiplexer connected to each of the optical ?bers that are 
connected to the respective chromatic dispersion compen 
sation systems, for multiplexing the compensated signals; 

[0033] FIG. 9 is a close-up vieW of the ?rst dispersive 
module and PI-SLM of system of FIG. 1 as used to perform 
chromatic dispersion compensation for a WDM signal hav 
ing different channel optical signals, Wherein the PI-SLM 
includes sets of addressable regions corresponding to the 
frequency components associated With each channel optical 
signal. 
[0034] Like reference symbols in the various draWings 
indicate like elements. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0035] The present invention relates to optical communi 
cations and the processing of optical signals, and in particu 
lar relates to systems and methods for adjusting the phase of 
optical signals having an arbitrary polariZation. In the fol 
loWing detailed description of the embodiments of the 
invention, reference is made to the accompanying draWings 
that form a part hereof, and in Which is shoWn by Way of 
illustration speci?c embodiments in Which the invention 
may be practiced. These embodiments are described in 
sufficient detail to enable those skilled in the art to practice 
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the invention, and it is to be understood that other embodi 
ments may be utiliZed and that changes may be made 
Without departing from the scope of the present invention. 
The folloWing detailed description is, therefore, not to be 
taken in a limiting sense, and the scope of the present 
invention is de?ned only by the appended claims. 

[0036] With reference to FIG. 1, there is shoWn a phase 
vs. frequency compensation system 100 according to the 
present invention as part of an optical processing system 
106. System 100 is illustrated in transmission mode for the 
sake of convenience and illustration, and one skilled in the 
art Will appreciate that there are associated folded re?ection 
mode systems that have the identical or analogous properties 
as represented in the transmission mode schematic diagram 
of FIG. 1. Such systems are discussed beloW and shoWn in 
FIGS. 3-6. 

[0037] System 100 can be used, for example, to compen 
sate, reduce or otherWise alter the chromatic dispersion in an 
optical signal 110. As chromatic dispersion is a variation in 
the propagation velocity of the different frequency (or, 
equivalently, Wavelength) components making up the opti 
cal signal, chromatic dispersion can be adjusted by impart 
ing an appropriate phase to one or more of the frequency 
components based on a desired phase vs. frequency rela 
tionship. The discussion of system 100 and the various 
implementations of system 100 emphasiZes polariZation 
independent chromatic dispersion compensation because the 
present invention is eminently suited to such a function. 
HoWever, it Will be apparent to one skilled in the art that 
system 100 can perform other polariZation-independent 
phase vs. frequency adjustment functions, such as for 
example Wavefront reconstruction, Wavefront alteration, and 
pulse shaping. 
[0038] Chromatic dispersion may be present in optical 
signal 110 and caused, for example, by the signal having 
passed through a ?rst optical system 120 having chromatic 
dispersion. Optical system 120 may include, for example, a 
distance of optical ?ber 122 having chromatic dispersion. 
Optical system 120 may also include other optical compo 
nents, e.g., laser sources, ampli?ers, sWitches, gratings, 
routers, lenses, couplers etc., collectively shoWn as an 
element 124, that are capable of introducing additional 
amounts of chromatic dispersion. Optical system 120 thus 
produces chromatic dispersion in optical signal 110 from 
one or more sources that, absent compensation, limits the 
bandWidth and/or ?delity of optical processing system 106 
as a Whole. In particular, chromatic dispersion causes pulse 
broadening that, absent compensation, sets an upper limit for 
the bit rate period because of intersymbol interference. 

[0039] A preferred consequence of compensating chro 
matic dispersion in optical processing system 106 is that it 
can optimiZe the usable bandWidth of optical signal 110. For 
example, performing chromatic dispersion compensation of 
optical signal 110 to form a compensated (i.e., phase 
adjusted) signal 126 may be necessary to successfully trans 
mit information through a second optical system 130, Which 
may itself include sources of chromatic dispersion, such as 
an optical ?ber 132 as Well as other sources 124 of chromatic 
dispersion. 

[0040] With continuing reference to FIG. 1, system 100 
includes in order along an optical axis A1, a ?rst dispersive 
module 136, and a polariZation-independent spatial light 
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modulator (PI-SLM) 140 having an active region 144 com 
prising an array 145 of independently programmable addres 
sable regions 146. Also included doWnstream from PI-SLM 
140 is a second dispersive module 148. Dispersive module 
136 serves to spatially separate optical signal 110 into its 
frequency components 200 and direct these components 
onto active area 144 of PI-SLM 140. PI-SLM 140 is 
electronically connected to a controller 150 that controls the 
operation of the PI-SLM, as described beloW. 

[0041] PI-SLM 140 may be one of a number of spatial 
light modulators that do not depend on the polariZation of 
the input light signal, and that do not impart a polariZation 
to a light signal. More generally, as used herein, a PI-SLM 
is any component or aggregation of components that de?nes 
an active area 144 having multiple, addressable regions 146 
for adjusting the phase, and/or amplitude of light Wavefronts 
incident on the regions. For eXample, the PI-SLM can have 
multiple, independently addressable regions such as a dis 
crete array of independently addressable addressable 
regions. Alternatively, the PI-SLM can have multiple, 
addressable regions that partially overlap. For eXample, the 
PI-SLM can be a deformable mirror having multiple, 
addressable actuators that deform overlapping regions of the 
active area. Furthermore, other PI-SLMs can vary the phase, 
for eXample, by varying the refractive indeX of the addres 
sable regions. In the eXample embodiment shoWn in FIG. 1, 
SLM 140 is electronically addressable through its connec 
tion With controller 150. In other embodiments, hoWever, the 
SLM may be optically addressable. Dispersive module 136 
directs frequency components 200 onto the multiple regions 
of SLM 140 so that there is a knoWn relationship betWeen 
each addressable region 146 and the particular frequency 
component or frequency components 200 incident on that 
region. 

[0042] Thus, the PI-SLM can adjust the phase, and/or 
amplitude of the incident frequency components by, e.g., 
re?ection, transmission, diffraction, or some combination 
thereof. As described further beloW, in many embodiments, 
the PI-SLM involves one or more liquid crystal layers, 
Whose birefringence and/or orientation are controlled to 
provide a desired series of adjustments for each SLM 
addressable region. For eXample, the liquid-crystal PI-SLM 
may include tWisted nematic liquid crystals, non-tWisted 
nematic liquid crystals, and/or ferroelectric liquid crystals. 
In further embodiments, the PI-SLM can include an inor 
ganic electro-optic modulator, e.g., a lithium niobate crystal 
coupled to a generator providing a spatially addressable 
E-?eld, or an acousto-optic modulator coupled to a trans 
ducer providing a spatially addressable acoustic Wave. 

[0043] In one eXample embodiment, PI-SLM 140 is a 
multi-layer liquid-crystal modulator, such as described in 
US. Pat. No. 5,719,650 (the ’650 Patent), Which patent is 
incorporated herein by reference. As described in the ’650 
Patent and as illustrated in FIG. 2A, liquid-crystal PI-SLM 
140 includes in active region 144 ?rst and second arrays 160 
and 162 of adjacent polariZation rotating or adjustable 
birefringent elements (addressable regions) 166. Elements 
166 are aligned along a ?rst aXis in array 160 and a along a 
second aXis (preferably, 90-degrees With respect to the ?rst 
axis) in array 162. 

[0044] In the present invention, liquid-crystal-based PI 
SLM 140 of FIG. 2A needs to be adapted for use in system 
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100 so that it can be operated Without concern for polariZa 
tion effects, and in particular, Without regard to the polar 
iZation of optical signal 110. 

[0045] Speci?cally, if the liquid crystal alignment direc 
tions (axes) of arrays 160 and 162 are described as X and y, 
then the polariZation transfer matriX M(u)) for the tWo 
layered liquid crystal PI-SLM 140 is given by: 

(EQ. 1) EWAM) O 

0 BMW) 

[0046] Wherein eXp{iq)X(107 and exp{iq)y(u))} are the 
phases shifts imparted by the SLM for array 160 and 162, 
respectively. 
[0047] Thus, to obtain the output electric ?eld vector 
EOUT(u)) from the input electric ?eld vector EIN(u)) the 
folloWing operation is performed: 

[0049] Thus, in the case of the liquid-crystal-based PI 
SLM 140 of FIG. 2A, Equation 3 reveals that PI-SLM 140 
can be arranged so that it does not change the SOP of light 
passing therethrough. Thus, the phase shift imparted by 
liquid-crystal PI-SLM 140 of FIG. 2A can be made inde 
pendent of the polariZation of the input electric ?eld vector 
by aligning the respective liquid crystal aXes of element 166 
in array 160 and 162 at 90-degrees With respect to one 
another. 

[0050] With reference noW to FIG. 2B, this effect can be 
achieved by a re?ective SLM having a single array of liquid 
crystal addressable regions, Wherein light passes tWice 
through elements 166 in single array 160, and Wherein a 
90-degree polariZation change is imparted to the light prior 
to it passing back through the array. This can be achieved, 
for eXample, by providing a polariZation-adjusting element 
168 (e.g., a Wave-plate) betWeen array 160 and re?ective 
member 170 (e.g., a mirror), Wherein the polariZation 
adjusting element is designed to impart a total of 90-degrees 
of polariZation rotation upon the light passing tWice through 
the element. As one eXample, this can be achieved by 
passing tWice through a properly oriented quarter Wave 
plate. As a second eXample, this can be achieved by the use 
of a Faraday mirror providing a total of 90-degrees of 
polariZation rotation. In the latter case, polariZation-adjust 
ment element 168 and re?ecting member 170 are combined. 

[0051] For a given SLM element 166, both ¢X(u)) and 
¢y(u)) can be adjusted by applying the appropriate voltage 
according to a phase vs. voltage calibration. Such voltage 
can be provided by controller 150, Which is calibrated With 
the necessary piXel phase vs. voltage data, e.g., as look-up 
table. As long as elements 166 offer a range of phase 
variation greater than 275, ¢X(u)) can be made equal to ¢y(u)) 
and can be programmed to any desired value (modulo 2 
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[0052] With reference again to FIG. 1, since PI-SLM 140 
in general is made up of an array 145 of independently 
programmable addressable regions 146, different address 
able regions can be programmed via controller 150 to impart 
different phases independently using different driving volt 
ages. Combined With the spatial dispersion of frequencies 
(or equivalently, Wavelength) afforded by dispersive module 
136, different optical frequencies 200 are mapped onto 
different addressable regions 146. This alloWs for the arbi 
trary speci?cation of phase vs. frequency, i.e., a program 
mable phase versus optical frequency function that is inde 
pendent of the SOP of input optical signal 110. Again, 
calibration of the phase vs. voltage can be readily performed 
and the data stored (e.g., as a look-up table) so that the 
precise phase can be encoded onto the signal. 

[0053] Ideally, one Would like to avoid PDL in any of the 
elements in system 100. As the input SOP cannot be speci 
?ed in system 100, one desires Zero PDL, as With any optical 
processing system Where the SOP is not maintained. HoW 
ever, ?rst dispersive module 136 used for spectral dispersion 
can have an associated PDL. As PI-SLM 140 of the present 
invention is of the type that does not alter the SOP, one can 
optionally compensate for dispersive-module-induced PDL 
by inserting a half-Wave (M2) polariZation-adjusting ele 
ment 176 (e.g., a half-Wave plate, Faraday rotator, etc.) 
anyWhere in system 100 betWeen dispersive modules 130 
and 148 (in FIG. 1, element 176 is shoWn in phantom 
betWeen PI-SLM 140 and dispersive module 148). In a 
re?ective arrangement, half-Wave polariZation-adjusting 
element 176 becomes a quarter-Wave polariZation-adjusting 
element, as discussed beloW. Further, as element 176 can be 
shoWn to introduce a simple rotation in polariZation in 
compensated lightWave 126, a second half-Wave polariZa 
tion-adjusting element (not shoWn) can optionally be 
inserted after second dispersive module 148 to restore the 
polariZation. A half-Wave polariZation-adjusting element 
gives a 90-degree rotation for the correct orientation of axes 
and a single pass. A quarter-Wave polariZation-adjusting 
element provides 90-degrees of polariZation rotation With 
tWo passes for the correct orientation of axes. 

[0054] With continuing reference to FIG. 1, controller 150 
is programmed to cause PI-SLM 140 to selectively and 
independently adjust the phase (and optionally the ampli 
tude) of different subsets of spatially separated frequency (or 
equivalently, Wavelength) components 200 associated With 
addressable regions 146 to produce phase-adjusted, spa 
tially-separated frequency components 204. Dispersive 
module 148 then spatially recombines adjusted frequency 
components 204 to produce an optical signal 126 that is 
compensated for chromatic dispersion (or, as discussed 
beloW, restored to its original state of not having any 
chromatic dispersion). 

[0055] The phase to be imparted to each frequency com 
ponent 200 of optical signal 110 can be based on information 
about the chromatic dispersion properties of a particular 
optical system (e.g., system 120 or 130) as measured or 
calculated (e.g., based on a model of chromatic dispersion 
effects of an optical system). Alternatively, information 
about chromatic dispersion can be acquired empirically by 
propagating a knoWn optical signal (e.g., optical signal 110 
or a test signal) through an optical system and measuring the 
chromatic dispersion effect. 
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[0056] In an exemplary embodiment of system 100, con 
troller 150 controls PI-SLM 140 based at least in part on a 
feed forWard detection signal from a detection system 220, 
Which samples a portion of optical signal 110 to characteriZe 
its chromatic dispersion. In another exemplary embodiment, 
controller 150 controls PI-SLM 140 based at least in part on 
a feedback detection signal from detection system 230 that 
samples a portion of compensated optical signal 126 to 
characteriZe the effective reduction in the chromatic disper 
sion from system 100. 

[0057] Furthermore, in another exemplary embodiment, 
controller 150 controls PI-SLM 140 based at least in part on 
signals from both detection systems 220 and 230. 

[0058] Controller 150 includes the necessary poWer 
source and logic for independently applying electric ?elds 
(voltages) to each of respective addressable regions 146. 
Suitable poWer sources and logic are commercially avail 
able, e.g., from Cambridge Research and Instrumentation 
(CRI), Woburn, Mass. Controller 150 can also store appro 
priate calibration curves for array 145 so that the voltage 
necessary to impart a desired phase retardance is knoWn. 
The algorithms can be implemented in computer programs 
or dedicated integrated circuits or computer-readable media 
(e.g., ?oppy disks or compact disks) using standard pro 
gramming techniques. 
[0059] Thus, in an exemplary embodiment of the present 
invention, controller 150 includes a computer system 258 
(or may be linked to a computer system) that may be, for 
example, any digital or analog processing unit, such as a 
personal computer, Workstation, a portion of a console, set 
top box, mainframe server, server-computer, laptop or the 
like capable of embodying the programmable aspect of 
invention described herein. In an example embodiment, 
computer 258 includes a processor 260, a memory device 
262, and a data storage unit 264, all electrically intercon 
nected. Data storage control unit 264 may be, for example, 
a hard drive, CD-ROM drive, or a ?oppy disk drive that 
contains or is capable of accepting and reading a computer 
readable medium 268. In an example embodiment, com 
puter-readable medium 268 is a hard disk, a CD, a ?oppy 
disk or the like. Computer-readable medium 268 may con 
tain computer-executable instructions to cause controller 
150 to perform the methods described herein. An example 
computer 258 is a Dell personal computer (PC) or Work 
station, available from Dell Computer, Inc., Austin, Tex. 

[0060] In another example embodiment, computer-read 
able medium 268 comprises a signal 270 traveling on a 
communications medium 272. In one example embodiment, 
signal 270 is an electrical signal and communications 
medium 272 is a Wire, While in another example embodi 
ment, the communications medium is an optical ?ber and the 
signal is an optical signal. Signal 270 may, in one example, 
be transmitted over the Internet 276 to computer 258 and 
optionally onWard to controller 150. 

[0061] As described above in connection With system 100 
of FIG. 1, controller 150 may receive feed forWard or 
feedback signals from detection systems 220 and 230, 
respectively, Which characteriZe the chromatic dispersion in 
optical signals 110 and 126, respectively. In relatively 
simple embodiments With feW degrees of freedom, detection 
system 230 can monitor the mean pulse dispersion in 
adjusted optical signal 126 and provide a detection signal 












