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(54) METHOD AND APPARATUS FOR (57) ABSTRACT 
CHROMATIC DISPERSION The present invention provides a method and apparatus for 
COMPENSATION AND DISPERSION SLOPE an improved chromatic dispersion compensator. In an appa 
COMPENSATION IN WAVELENGTH ratus aspect, the present invention includes a channel sepa 
DIVISION MULTIPLEXED SYSTEMS rator for separating a Wavelength division multiplexed light 
UTILIZING A CHANNEL SEPARATOR AND comprising a plurality of channels, the plurality of channels 
VIRTUALLY IMAGED PHASED ARRAYS containing undesired chromatic dispersion and dispersion 

slope; and a plurality of partial-channel-set dispersion com 
(76) Inventor; Simon X, F, Cao, San Mateo, CA (US) pensation devices optically coupled to the channel separator 

in a cascade arrangement, Wherein each partial-channel-set 
Correspondence Address: dispersion compensation device includes: a virtually imaged 
SAWYER LAW GROUP LLP phased array (VIPA) optically coupled to the channel sepa 
P_()_ BOX 51418 rator, and a light returning device optically coupled to the 
Palo Alto, CA 94303 (Us) VIPA, Wherein a combination of the VIPA and the light 

returning device compensates for the undesired chromatic 
(21) App1_ NO_; 09/844,025 dispersion and dispersion slope by propagating each Wave 

length of the plurality of channels along a different path 
(22) Filed; Apr, 27, 2001 length. The controlled difference betWeen the periodicity of 

each VIPA’s group delay response and the periodicity of the 
Related US. Application Data channel spacing causes the light of each channel input to the 

VIPA to acquire a different value of chromatic dispersion 
(63) Continuation of application No. 09/470,949, ?led on from that of every other channel input to the same VIPA, 

Dec. 22, 1999. Which is utiliZed so as to compensate dispersion slope. 
Advantages in using this chromatic dispersion compensator 

Publication Classi?cation includes tunability, adaptability to various ?ber types or 
optical transmission regions With either positive or negative 

(51) Int. Cl.7 .......................... .. G02B 5/30; G02B 27/28; dispersion, smaller siZe and loWer cost. Also, the present 
G02B 27/00 invention provides the capability of simultaneously provid 

(52) US. Cl. .......................... .. 385/24; 359/577; 359/494; ing different values of dispersion compensation to different 
385/11; 385/15 channels, i.e., it is capable of correcting for dispersion slope. 
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METHOD AND APPARATUS FOR CHROMATIC 
DISPERSION COMPENSATION AND DISPERSION 

SLOPE COMPENSATION IN WAVELENGTH 
DIVISION MULTIPLEXED SYSTEMS UTILIZING 
A CHANNEL SEPARATOR AND VIRTUALLY 

IMAGED PHASED ARRAYS 

FIELD OF THE INVENTION 

[0001] The present invention relates to Wavelength divi 
sion multiplexed optical ?ber communications systems, and 
more particularly to the compensation for chromatic disper 
sion in such systems. 

BACKGROUND OF THE INVENTION 

[0002] Fiber optic netWorks are becoming increasingly 
popular for data transmission due to their high speed, high 
capacity capabilities. Acommon and Well knoWn problem in 
the transmission of optical signals is chromatic dispersion of 
the optical signal. Chromatic dispersion refers to the effect 
Where the channels Within a signal travel through an optic 
?ber at different speeds, i.e., longer Wavelengths travel faster 
than shorter Wavelengths. This problem becomes more acute 
for data transmission speeds higher than 2.5 gigabytes per 
second. The resulting pulses of the signal Will be stretched, 
possibly overlap, making it more dif?cult for a receiver to 
distinguish Where one pulse begins and another ends. This 
seriously compromises the integrity of the signal. Therefore, 
for a ?ber optic communications system to provide a high 
transmission capacity, the ?ber optic communications sys 
tem must compensate for chromatic dispersion. 

[0003] The exact value of the chromatic dispersion pro 
duced in a channel of a Wavelength-division multiplexed 
?ber optic communications system depends upon several 
factors, including the type of ?ber and the Wavelength of the 
channel. FIG. 1 illustrates the graphs of Group Velocity 
Dispersion, D, against Wavelength, of three conventional 
?ber transmission bands, or transmission WindoWs, and 
conventional ?ber types Which operate in these bands. For 
example, single-mode or non-dispersion shifted ?bers 
(NDSF) operate in the 1.3 pm region, and dispersion shifted 
?bers (DSF) are optimiZed for single channel signal trans 
mission in the C-Band. With the development of Wave 
length-division multiplexed (WDM) ?ber optic communi 
cations systems, Where several signal channels, each channel 
comprising a different Wavelength band Within the C-Band, 
are simultaneously propagated along a span of an individual 
?ber, “non-Zero dispersion shifted ?bers” (NZ-DSF) Were 
developed. The NZ-DSF has Zero-dispersion at the edge of 
or outside of the C-Band, and moderately loW non-Zero 
dispersion in the region of the C-Band. 

[0004] Because all three ?ber types are deployed in tele 
communications systems, the requirements for dispersion 
compensators vary Widely. A constant level of dispersion 
compensation does not accurately negate the dispersion of 
all channels. This inaccuracy can become a signi?cant 
problem for high-speed data propagation, long span dis 
tances, and/or Wide distances betWeen the shortest and 
longest Wavelength channels. 

[0005] Some conventional dispersion compensators 
attempt to solve this problem, including dispersion compen 
sation ?bers, chirped ?ber Bragg gratings coupled to optical 
circulators, and conventional diffraction gratings disposed as 
sequential pairs. 
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[0006] A dispersion compensation ?ber, Which is used 
in-line Within a ?ber communications system, has a special 
cross-section index pro?le so as to provide chromatic dis 
persion that is opposite to that of ordinary ?ber Within the 
system. The summation of the tWo opposite types of dis 
persion negates the chromatic dispersion of the system. 
HoWever, dispersion compensation ?ber is expensive to 
manufacture, has a relatively large optical attenuation, and 
must be relatively long to sufficiently compensate for chro 
matic dispersion. For example, if an optical ?ber is 100 km 
in length, then a dispersion compensation ?ber should be 
approximately 20 to 30 km in length. Furthermore, disper 
sion compensation ?ber is not available to compensate for 
the negative chromatic dispersion of DSF and NZ-DSF lines 
in the 1.3 pm band. 

[0007] A chirped ?ber Bragg grating is a special ?ber With 
spatially modulated refractive index that is designed so that 
longer (shorter) Wavelength components are re?ected at a 
farther distance along the chirped ?ber Bragg grating than 
are the shorter (longer) Wavelength components. A chirped 
?ber Bragg grating of this sort is coupled to a ?ber com 
munications system through an optical circulator. By caus 
ing certain Wavelength components to travel longer dis 
tances than other Wavelength components, a controlled 
delay is added to those components and opposite dispersion 
can be added to a pulse. Unfortunately, a chirped ?ber Bragg 
grating has a very narroW bandWidth for re?ecting pulses, 
and therefore cannot provide a Wavelength band suf?cient to 
compensate for light including many Wavelengths, such as a 
Wavelength division multiplexed light. A number of chirped 
?ber Bragg gratings may be cascaded for Wavelength mul 
tiplexed signals, but this results in an expensive system. 

[0008] A conventional diffraction grating has the property 
that different Wavelengths are output from itself at different 
angles. By using a pair of gratings in a coupled spatial 
arrangement, this property can be used to compensate chro 
matic dispersion in a ?ber communications system. In such 
a spatial grating pair arrangement, lights of different Wave 
lengths are diffracted from a ?rst grating at different angles. 
These lights are then input to a second grating Which 
diffracts them a second time so as to set their pathWays 
parallel to one another. Because the different lights travel 
With different angles betWeen the tWo gratings, certain 
Wavelength components are made to travel longer distances 
than other Wavelength components. Chromatic dispersion is 
produced in the spatial grating pair arrangement because the 
Wavelength components that travel the longer distances 
incur time delays relative to those that travel the shorter 
distances. This grating-produced chromatic dispersion can 
be made to be opposite to that of the ?ber communications 
system, thereby compensating the chromatic dispersion 
Within the system. HoWever, the dispersion produced by a 
practical spatial grating pair arrangement is extremely small 
and is not large enough to compensate for the relatively large 
amount of chromatic dispersion occurring in a ?ber optic 
communication system. Therefore, to compensate for chro 
matic dispersion occurring in a ?ber optic communication 
system, the tWo gratings of a spatial grating pair Would have 
to be separated by a very large distance, thereby making 
such a spatial grating pair arrangement impractical. 

[0009] Accordingly, there exists a need for an improved 
chromatic dispersion compensator. The improved chromatic 
dispersion compensator should be practical for compensat 
































