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(57) ABSTRACT 

A high speed DWDM optical transmission system that 
reduces a ?ber dispersion limit Without reducing the total 
channel count of a multi-Wavelength optical signal. The 
system achieves such reduction in the ?ber dispersion limit 
by employing a multi-Wavelength optical signal comprising 
a gap-free band structure, and performing per-band disper 
sion compensation on the optical signal by adjusting residual 
dispersion values associated With one or more of the bands. 
In one embodiment, the system includes a ?rst dispersion 
compensation module (DCM) that provides a dispersion 
compensated multi-Wavelength optical signal containing 
Wavelength-dependent residual dispersion to a band splitter. 
The band splitter separates the dispersion-compensated opti 
cal signal into a plurality of bands such that no band gaps are 
formed betWeen adjacent bands, and provides each band to 
a respective second DCM con?gured to reduce the residual 
dispersion associated With that band to a predetermined 
range of residual dispersion values. 
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METHOD AND APPARATUS FOR PER-BAND 
COMPENSATION WITH GAP-FREE BAND 
STRUCTURE FOR HIGH SPEED DWDM 

TRANSMISSION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority of US. Provisional 
Patent Application No. 60/224,926 ?led Aug. 11, 2000 
entitled METHOD AND APPARATUS FOR PER-BAND 
COMPENSATION WITH GAP-FREE BAND STRUC 
TURE FOR HIGH SPEED DWDM TRANSMISSION. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

N/A 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates generally to the ?eld 
of optical transmission systems, and more speci?cally to a 
dense Wavelength division multiplexed optical transmission 
system con?gured to provide per-band dispersion compen 
sation With gap-free band structures. 

[0003] In recent years, Dense Wavelength Division Mul 
tipleXed (DWDM) optical transmission systems have been 
increasingly deployed in optical netWorks. Although 
DWDM optical transmission systems have increased the 
speed and capacity of optical networks, the performance of 
such systems, especially those providing bit rates of 10 Gb/s 
or more, has traditionally been limited by various factors 
such as optical ?ber dispersion and the non-linearity in an 
optical ?ber’s refractive indeX, Which can cause spectral 
broadening of optical pulses and degrade the transmission of 
high speed optical signals. Because such optical signal 
degradation tends to accumulate along transmission paths, 
?ber dispersion and non-linearity can signi?cantly limit the 
transmission distance of high speed optical signals. 

[0004] One approach to reducing the ?ber dispersion limit 
and improving the performance of DWDM optical trans 
mission systems is to install dispersion compensation ?bers 
at intervals along a transmission path. For example, trans 
mission ?ber in the transmission path may have a positive 
dispersion shift that causes optical dispersion to accumulate 
along the path, and the installed dispersion compensation 
?bers may have a negative dispersion shift that alloWs the 
accumulated dispersion to return to Zero or some nonZero 

value at a remote end of the transmission path. 

[0005] HoWever, this ?rst approach has draWbacks in that 
both transmission ?bers and dispersion compensation ?bers 
generally have nonZero dispersion slopes. Different Wave 
lengths included in a multi-Wavelength optical signal may 
therefore be subject to different dispersion values in the 
transmission ?bers and the dispersion compensation ?bers. 
This can be problematic because the dispersion slope of a 
transmission ?ber generally does not match that of a dis 
persion compensation ?ber. As a result, although the accu 
mulated dispersion may return to a desired value at the 
remote end of the transmission path for a particular Wave 
length, nonZero residual dispersion values detrimental to 
reliable optical transmissions may be evident for remaining 
Wavelengths of the optical signal. 
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[0006] Moreover, in order to avoid a signi?cant penalty or 
loss at the remote end of a transmission path, it is generally 
desirable to maintain residual dispersion values Within a 
desired range of values. HoWever, for high speed, multi 
Wavelength optical signals, the effects of ?ber non-linearity, 
including self-phase modulation and/or cross-phase modu 
lation, typically enhance the optical signal degradation 
caused by ?ber dispersion, thereby making it dif?cult to 
keep residual dispersion Within the desired range. 

[0007] Another approach to reducing the ?ber dispersion 
limit in DWDM optical transmission systems is to identify 
a plurality of spectral regions in multi-Wavelength optical 
signals, and perform dispersion compensation on the respec 
tive spectral regions. Such an approach is employed in 
conventional “Red”-“Blue” bi-directional transmission sys 
tems. HoWever, this second approach also has draWbacks in 
that there is typically a gap betWeen, e.g., the Red and Blue 
spectral regions that reduces the total channel count of the 
optical signal. 
[0008] Still another approach is to ?lter multi-Wavelength 
optical signals using conventional cascaded band ?lters 
before performing dispersion compensation on the ?ltered 
bands. HoWever, gaps are generally required in this third 
approach to avoid a penalty or loss resulting from, e.g., 
isolation, polariZation dependent loss, or polariZation mode 
dispersion in the optical signal passband. As a result, this 
third approach also tends to reduce the total channel count 
of the multi-Wavelength optical signal. 

[0009] It Would therefore be desirable to have a high speed 
DWDM optical transmission system that is capable of 
carrying multi-Wavelength optical signals at bit rates up to 
10 Gb/s or more. Such a DWDM optical transmission 
system Would be con?gured to reduce a ?ber dispersion 
limit Without reducing the total channel count of a multi 
Wavelength optical signal. 

BRIEF SUMMARY OF THE INVENTION 

[0010] In accordance With the present invention, a high 
speed DWDM optical transmission system is provided that 
reduces a ?ber dispersion limit Without reducing the total 
channel count of a multi-Wavelength optical signal. The 
DWDM optical transmission system achieves such reduc 
tion in the ?ber dispersion limit by employing a multi 
Wavelength optical signal comprising a gap-free band struc 
ture, and performing per-band dispersion compensation on 
the optical signal by adjusting residual dispersion values 
associated With one or more of the bands. 

[0011] In one embodiment, per-band dispersion compen 
sation of a multi-Wavelength optical signal is provided by 
line terminating and/or regenerating apparatus at optical 
signal receiving sites of the DWDM optical transmission 
system. Each line terminating and/or regenerating apparatus 
comprises at least one band splitter, a plurality of ?Xed or 
tunable Dispersion Compensation Modules (DCM), and a 
plurality of optical de-multipleXors. A ?rst DCM receives a 
multi-Wavelength optical signal carried on a transmission 
?ber, and provides a dispersion-compensated multi-Wave 
length optical signal containing Wavelength-dependent 
residual dispersion to the band splitter. The residual disper 
sion associated With the multi-Wavelength optical signal is 
caused by the respective nonZero dispersion slopes of the 
transmission ?ber and the ?rst DCM. The band splitter 
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separates the dispersion-compensated multi-Wavelength 
optical signal into a plurality of bands such that no band gaps 
are formed between adjacent bands. In a preferred embodi 
ment, the band splitter includes a 50/50 optical coupler 
con?gured to couple the optical signal to a ?rst optical signal 
path and a second optical signal path, in Which the ?rst and 
second paths include respective pluralities of band ?lters. 
The plurality of band ?lters in the ?rst path is con?gured to 
provide a ?rst group of “odd” bands, and the plurality of 
band ?lters in the second path is con?gured to provide a 
second group of “even” bands. The band splitter provides 
each band in the odd and even groups of bands to a 
respective second DCM con?gured to reduce the residual 
dispersion associated With that band to a predetermined 
range of residual dispersion values. The second DCM’s 
provide the dispersion-compensated bands to respective 
optical de-multipleXors con?gured to separate the bands into 
their component Wavelengths for subsequent processing. 

[0012] Per-band dispersion compensation of a multi 
Wavelength optical signal is also provided at mid-points of 
optical signal paths by all-optical regenerating apparatus 
included in the DWDM optical transmission system. Each 
all-optical regenerating apparatus comprises at least one 
band splitter, a plurality of ?Xed or tunable Dispersion 
Compensation Modules (DCM), and at least one optical 
multipleXor. A ?rst DCM receives a multi-Wavelength opti 
cal signal carried on a transmission ?ber, and provides a 
dispersion-compensated multi-Wavelength optical signal 
containing Wavelength-dependent residual dispersion to the 
band splitter. The band splitter separates the dispersion 
compensated multi-Wavelength optical signal into a plurality 
of odd and even groups of bands such that no band gaps are 
formed betWeen adjacent bands. The band splitter provides 
each band in the odd and even groups of bands to a 
respective second DCM con?gured to reduce the residual 
dispersion associated With that band to a predetermined 
range of residual dispersion values. The second DCM’s 
provide the dispersion-compensated bands to at least one 
optical multipleXor con?gured to re-combine the bands to 
form a multi-Wavelength optical signal for subsequent trans 
mission. In a preferred embodiment, the optical multipleXor 
is con?gured to provide sufficient isolation to eliminate 
cross-talk betWeen adj acent/non-adj acent bands. 

[0013] In another embodiment, per-band dispersion com 
pensation of a multi-Wavelength optical signal is provided 
by transmitting apparatus included in the DWDM optical 
transmission system. Each transmitting apparatus comprises 
at least one band combiner, a plurality of optical multiplex 
ors, and a plurality of DCM’s. Each optical multipleXor is 
con?gured to multipleX individual Wavelengths into a 
respective band, and the respective bands are combined into 
a multi-Wavelength optical signal by the band combiner. A 
respective DCM is disposed betWeen each optical multi 
pleXor and the band combiner to compensate dispersion 
contained in the respective bands. 

[0014] In still another embodiment, per-band dispersion 
compensation of a multi-Wavelength optical signal is pro 
vided by optical add/drop apparatus included in the DWDM 
optical transmission system. Each optical add/drop appara 
tus comprises at least one pre-ampli?er, at least one post 
ampli?er, at least one ?rst optical add/drop device con?g 
ured to provide respective Wavelengths that are dropped 
from the optical signal (“dropped traf?c”), at least one 

Feb. 21, 2002 

second optical add/drop device con?gured to receive respec 
tive Wavelengths that are to be added to the optical signal 
(“added traf?c”), and a plurality of ?Xed or tunable DCM’s. 
A ?rst DCM is coupled to the input of the ?rst optical 
add/drop device handling the dropped traffic, and a second 
DCM is coupled to the output of the second optical add/drop 
device handling the added traf?c. The pre-ampli?er receives 
a respective band of a multi-Wavelength optical signal 
containing Wavelength-dependent residual dispersion; and, 
provides an ampli?ed representation of the band to the ?rst 
DCM, Which is con?gured to reduce the residual dispersion 
in the band to a predetermined range of residual dispersion 
values. The ?rst DCM then provides the dispersion-com 
pensated band to the ?rst optical add/drop device, Which 
provides the dropped traffic on a ?rst optical signal path and 
remaining traf?c to the second optical add/drop device. 
Next, the second optical add/drop device receives the added 
traffic on a second optical signal path, and provides a 
combination of the traf?c provided by the ?rst optical 
add/drop device and the added traf?c to the second DCM. 
Like the ?rst DCM, the second DCM is con?gured to reduce 
the residual dispersion in the combined traffic to a prede 
termined range of residual dispersion values. The second 
DCM then provides compensated traf?c to the post-ampli 
?er, Which compensates for losses introduced by the ?rst and 
second DCM’s and the ?rst and second optical add/drop 
devices. 

[0015] By providing per-band dispersion compensation 
With gap-free band structures at optical signal receiving 
sites, mid-points of optical signal paths, optical signal trans 
mitting sites, and/or optical add/drop sites of a DWDM 
optical transmission system, ?ber dispersion limits can be 
reduced or eliminated Without reducing the total channel 
count of a multi-Wavelength optical signal. In this Way, 
transmission performances in high speed (i.e., 10 Gb/s or 
more) DWDM optical transmission systems can be 
improved. 

[0016] Other features, functions, and aspects of the inven 
tion Will be evident from the Detailed Description of the 
Invention that folloWs. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0017] The invention Will be more fully understood With 
reference to the folloWing Detailed Description of the Inven 
tion in conjunction With the draWings of Which: 

[0018] FIG. 1 is a block diagram depicting a line termi 
nating/regenerating apparatus con?gured to provide disper 
sion compensation at an optical signal receiving site of a 
conventional DWDM optical transmission system; 

[0019] FIG. 2a is a block diagram depicting a line termi 
nating/regenerating apparatus con?gured to provide per 
band dispersion compensation With gap-free band structures 
at an optical signal receiving site of a high ispeed DWDM 
optical transmission system, in accordance With the present 
invention; 
[0020] FIG. 2b is a block diagram depicting a band splitter 
included in the line terminating/regenerating apparatus of 
FIG. 2a; 

[0021] FIG. 2c is a block diagram depicting a line termi 
nating apparatus con?gured to provide per-band dispersion 
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compensation With gap-free band structures at an optical 
signal transmitting site of a high speed DWDM optical 
transmission system, in accordance With the present inven 
tion; 
[0022] FIG. 2a' is a block diagram depicting a band 
combiner included in the line terminating apparatus of FIG. 
2c; 
[0023] FIG. 26 is a diagram depicting the results of 
per-band dispersion compensation using the line terminating 
apparatus of FIG. 2a; 

[0024] FIG. 3 is a block diagram depicting an all-optical 
regenerating apparatus con?gured to provide per-band dis 
persion compensation With gap-free band structures at mid 
points of an optical signal path of a high speed DWDM 
optical transmission system, in accordance With the present 
invention; and 

[0025] FIG. 4 is a block diagram depicting an optical 
add/drop apparatus of a high speed DWDM optical trans 
mission system, in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] The entire disclosure of US. Provisional Patent 
Application No. 60/224,926 ?led Aug. 11, 2000 is incorpo 
rated herein by reference. 

[0027] Methods and apparatus are disclosed for perform 
ing per-band dispersion compensation With gap-free band 
structures in an optical transmission system. Such per-band 
dispersion compensation can be provided at line terminating 
sites, regenerating sites, mid-points of optical signal paths, 
and/or optical add/drop sites of a high speed Dense Wave 
length Division Multiplexed (DWDM) optical transmission 
system. By performing per-band dispersion compensation 
With gap-free band structures, a ?ber dispersion limit in the 
high speed DWDM optical transmission system can be 
reduced or eliminated Without reducing the total channel 
count of a multi-Wavelength optical signal. 

[0028] FIG. 1 depicts a block diagram of a line terminat 
ing/regenerating apparatus 100 for providing dispersion 
compensation at an optical signal receiving site of a con 
ventional DWDM optical transmission system. The line 
terminating/regenerating apparatus 100 is con?gured to 
compensate for ?ber dispersion and non-linearity associated 
With a transmission path capable of carrying a multi-Wave 
length optical signal. 
[0029] Those of ordinary skill in the art Will appreciate 
that ?ber dispersion and non-linearity can signi?cantly 
degrade the transmission of high speed multi-Wavelength 
optical signals, particularly, multi-Wavelength optical sig 
nals transmitted at bit rates of 10 Gb/s or more. For eXample, 
such signal degradation can take the form of spectral broad 
ening of optical pulses transmitted through a high speed 
DWDM optical transmission system. Further, because such 
optical signal degradation can accumulate along a transmis 
sion path, ?ber dispersion and non-linearity can signi?cantly 
limit the transmission distance of high speed optical signals 
betWeen, e.g., line terminating and regenerating equipment 
in a DWDM optical transmission system. 

[0030] The line terminating/regenerating apparatus 100 
comprises a transmission path including an optical multi 
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pleXor 102 con?gured to receive a plurality of Wavelengths 
)tl-kN, and provide a multi-Wavelength optical signal com 
prising the component Wavelengths )tl-kN to a transmission 
?ber 104. Because optical dispersion (also knoWn as chro 
matic dispersion) can accumulate along the transmission 
?ber 104, the multi-Wavelength optical signal is provided to 
a ?rst optical ampli?er 106 operatively coupled to a DCM 
108. The combination of the ?rst optical ampli?er 106 and 
the DCM 108 is con?gured to compensate for losses intro 
duced by the transmission ?ber 104, and return accumulated 
dispersion at the end of the transmission ?ber 104 to Zero or 
a desired nonZero value. 

[0031] Similarly, the multi-Wavelength optical signal is 
successively provided, by Way of transmission ?bers 109 
and 113, to at least one second optical ampli?er 110 opera 
tively coupled to a DCM 112, and a third optical ampli?er 
114 operatively coupled to a DCM 116. It is noted that the 
respective combinations of the ?rst optical ampli?er 106 and 
the DCM 108, and the second optical ampli?er 110 and the 
DCM 112, provide, at least in part, functions of regenerating 
equipment in the conventional DWDM optical transmission 
system 100. Further, the combination of the third optical 
ampli?er 114 and the DCM 116 provides, at least in part, 
functions of line terminating equipment in the conventional 
DWDM optical transmission system 100. 

[0032] Moreover, like the combination of the ?rst optical 
ampli?er 106 and the DCM 108, the respective combina 
tions of the second optical ampli?er 110 and the DCM 112, 
and the third optical ampli?er 114 and the DCM 116, are 
con?gured to compensate for losses introduced by the 
transmission ?bers 109 and 113, and return accumulated 
dispersion at the end of the transmission ?bers 109 and 113 
to Zero or a desired nonZero value. 

[0033] The transmission path of the conventional N-Wave 
DWDM optical transmission system 100 further includes an 
optical de-multipleXor 120 con?gured to receive the multi 
Wavelength optical signal from the third optical ampli?er 
114 via a transmission ?ber 118, and separate the optical 
signal into its component Wavelengths )tl-kN for subsequent 
processing. 

[0034] The ?rst, second, and third optical ampli?ers 106, 
110, and 114 typically comprise respective Erbium Doped 
Fiber Ampli?ers (EDFA’s); and, the DCM’s 108, 112, and 
116 typically comprise respective dispersion compensation 
?bers. Further, the transmission ?bers 104, 109, 113, and 
118 typically comprise respective single mode optical trans 
mission ?bers. 

[0035] It is noted that the transmission ?bers 104, 109, 
113, and 118, and the dispersion compensation ?bers of the 
DCM’s 108, 112, and 116, typically have respective nonZero 
dispersion slopes. This means that the component Wave 
lengths )tl-kN of the multi-Wavelength optical signal carried 
by the conventional DWDM optical transmission system 
100 may be subject to different dispersion values in the 
transmission ?bers 104, 109, 113, and 118 and the dispersion 
compensation ?bers. 

[0036] As a result, even though the conventional optical 
transmission system 100 may alloW accumulated dispersion 
to return to a desired value at a remote end of the transmis 
sion path for a particular Wavelength of the multi-Wave 
length optical signal, nonZero residual dispersion values 
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detrimental to reliable optical transmissions may accumulate 
for remaining Wavelengths of the optical signal. It is noted 
that such dispersion accumulated along a transmission path 
of an optical transmission system can signi?cantly limit the 
transmission distance of high speed optical signals betWeen, 
e.g., line terminating and regenerating equipment employed 
in the system. 

[0037] FIG. 2a depicts a block diagram of an illustrative 
embodiment of a line terminating/regenerating apparatus 
200 con?gured to provide per-band dispersion compensa 
tion With gap-free band structures at an optical signal 
receiving site of a high speed DWDM optical transmission 
system, in accordance With the present invention. For 
example, the line terminating/regenerating apparatus 200 
may be included in a high speed DWDM optical transmis 
sion system capable of carrying multi-Wavelength optical 
signals at bit rates up to 10 Gb/s or more per Wavelength. 
The apparatus 200 provides for a reduced ?ber dispersion 
limit in a high speed DWDM optical transmission system by 
performing per-band dispersion compensation on a multi 
Wavelength optical signal having a gap-free band structure. 
Such reduction in the ?ber dispersion limit is achieved 
Without reducing the total channel count of the multi 
Wavelength optical signal. 

[0038] The line terminating/regenerating apparatus 200 
includes a DCM 202 con?gured to receive a multi-Wave 
length optical input signal by Way of a transmission ?ber 
201, and provide a dispersion-compensated optical signal to 
a transmission ?ber 203. 

[0039] It is understood that the transmission ?ber 201 may 
be part of a transmission path capable of carrying high speed 
multi-Wavelength optical signals through at least a portion of 
the DWDM optical transmission system. Further, the trans 
mission path including the transmission ?ber 201 may have 
a positive dispersion shift resulting from, e.g., ?ber disper 
sion and non-linearity that causes optical dispersion to 
accumulate along the transmission path. Accordingly, the 
DCM 202 is con?gured to compensate for the effects of such 
accumulated dispersion caused by ?ber dispersion and non 
linearity in the optical input signal. 

[0040] In one embodiment, the DCM 202 may cause a 
negative dispersion shift that alloWs the dispersion accumu 
lated along the transmission path to return to Zero or a 
predetermined value for at least one component Wavelength 
of the input optical signal. For eXample, the DCM 202 may 
comprise a dispersion compensation ?ber, a ?ber Bragg 
grating, or any other device capable of compensating accu 
mulated dispersion caused by, e.g., ?ber dispersion and 
non-linearity. 

[0041] It is noted that the transmission path including the 
transmission ?ber 201, and the DCM 202 may have respec 
tive nonZero dispersion slopes. This means that component 
Wavelengths of input optical signals provided to the line 
terminating apparatus 200 may be subject to different dis 
persion values in the transmission path and the DCM 202, 
thereby causing different amounts of residual dispersion to 
accumulate for at least some of the component Wavelengths 
of the optical signal provided to the transmission ?ber 203. 

[0042] For eXample, FIG. 26 depicts an exemplary graphi 
cal representation of residual dispersion 240 that may accu 
mulate for Wavelengths of a multi-Wavelength optical input 
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signal provided to the transmission ?ber 203 (see FIG. 2a). 
Because optical dispersion is generally a linear phenom 
enon, the Wavelength-dependent residual dispersion 240 is 
depicted in FIG. 26 by a line With a nonZero slope. Spe 
ci?cally, the Wavelength-dependent residual dispersion 240 
ranges from a value dO for a Wavelength )to to a value d3 for 
a Wavelength X8. 

[0043] The multi-Wavelength optical input signal contain 
ing the Wavelength-dependent residual dispersion 240 is 
provided to a band splitter 204 (see FIG. 2a) con?gured to 
separate the optical input signal into a plurality of its 
component bands such that no band gaps are formed 
betWeen adjacent bands. The band splitter 204 provides the 
respective component bands to corresponding transmission 
?bers 205.1-205.M. 

[0044] As described above, the band splitter 204 provides 
a plurality of component bands of the optical input signal 
With no band gaps betWeen adjacent bands. In one embodi 
ment, the band splitter 204 eliminates band gaps betWeen the 
adjacent bands of the optical input signal by employing at 
least one optical coupler and a plurality of band ?lters. 

[0045] FIG. 2b depicts a block diagram of an illustrative 
embodiment of the band splitter 204, Which comprises a 
50/50 optical coupler 220 and band ?lters 222, 224, 226, 
228, 230, and 232. Speci?cally, the 50/50 optical coupler 
220 is con?gured to receive the optical signal containing the 
residual dispersion 240 on the transmission ?ber 203, and 
couple the optical signal to a ?rst transmission path com 
prising band ?lters 222, 224, and 226, and a second trans 
mission path comprising band ?lters 228, 230, and 232. 

[0046] In one embodiment, the band 1 ?lter 222, the band 
3 ?lter 224, and the band M-1 ?lter 226 in the ?rst trans 
mission path are con?gured to provide a ?rst group of “odd” 
component bands on respective transmission ?bers 205.1, 
205.3, 205.M-3, and 205.M-1; and, the band 2 ?lter 228, the 
band 4 ?lter 230, and the band M ?lter 232 in the second 
transmission path are con?gured to provide a second group 
of “even” component bands on respective transmission 
?bers 205.2, 205.4, 205.M-2, and 205.M. In a preferred 
embodiment, the band ?lters included in the band splitter 
204 are con?gured to provide loW insertion loss and good 
uniformity across the component bands 1-M. 

[0047] The band splitter 204 provides the component 
bands 1-M to respective DCM’s 206.1-206.M by Way of the 
transmission ?bers 205.1-205.M (see FIG. 2a). The respec 
tive DCM’s 206.1-206.M are con?gured to provide per-band 
dispersion compensation of the component bands 1-M, 
thereby compensating the residual dispersion caused, at least 
in part, by the nonZero dispersion slopes of the transmission 
path (Which includes the transmission ?ber 201) and the 
DCM 202. For eXample, the DCM’s 206.1-206.M may 
comprise respective dispersion compensation ?bers, ?ber 
Bragg gratings, or any other device capable of compensating 
residual dispersion caused by nonZero dispersion slopes. In 
a preferred embodiment, the DCM’s 206.1-206.M are 
adjustable to provide desired levels of dispersion compen 
sation. 

[0048] In order to achieve optimum transmission perfor 
mance in a high speed DWDM optical transmission system, 
it is generally desirable to maintain residual dispersion 
values Within a predetermined target WindoW. FIG. 26 
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shows an exemplary target WindoW for residual dispersion 
values ranging from d1 to d2, Which in the illustrated 
embodiment may span approximately 500 ps/nm. As shoWn 
in FIG. 26, the residual dispersion 240 associated With upper 
and loWer component Wavelengths of the optical signal 
carried by the transmission ?ber 203 fall outside the exem 
plary target WindoW. For example, the residual dispersion 
240 associated With the Wavelengths >\.O-)\.8 ranges from dO to 
d3, Which in the illustrated embodiment may span approxi 
mately 900 ps/nm. 
[0049] According to the present invention, residual dis 
persion values are maintained Within the predetermined 
target WindoW by suitably adjusting the DCM’s 206.1 
206.M to compensate the residual dispersion contained in 
the bands l-M. 

[0050] FIG. 26 depicts exemplary graphical representa 
tions of residual dispersion 2501-250.8 associated With 
exemplary bands 1-8 after adjusting the DCM’s 206.1 
206.M to compensate the residual dispersion contained in 
the bands. For example, the band 1 ?lter 222 (see FIG. 2b) 
may provide an optical signal comprising exemplary band 1 
(KO-k1) to the DCM 206.1 that contains an amount of 
residual dispersion represented by the residual dispersion 
240 associated With Wavelengths ranging from )to up to and 
including )tl. As shoWn in FIG. 26, that portion of the 
residual dispersion 240 falls outside the predetermined tar 
get WindoW (Which in the illustrated embodiment ranges 
from d1 to d2). 
[0051] By suitably adjusting the DCM 206.1, the DCM 
206.1 can be con?gured to provide a dispersion-compen 
sated band 1 containing an amount of residual dispersion 
represented by the Wavelength-dependent residual disper 
sion 250.1, Which falls Within the predetermined target 
WindoW. The DCM’s 206.2, 206.3, and 2066-2068 may be 
similarly adjusted to provide dispersion-compensated bands 
2, 3, and 6-8 that contain respective amounts of residual 
dispersion represented by the Wavelength-dependent 
residual dispersion 250.2, 250.3, and 2506-2508, Which 
also fall Within the predetermined target WindoW. 

[0052] It is noted that the band 4 ?lter 230 (see FIG. 2b) 
and the band 5 ?lter (not shoWn) provide respective optical 
signals comprising amounts of residual dispersion associ 
ated With Wavelengths ranging from 23 up to and including 
25 that fall Within the predetermined target WindoW (see 
FIG. 26 depicting that portion of the residual dispersion 240 
corresponding to Wavelengths K325). Accordingly, for the 
illustrated embodiment, the DCM’s 206.4 and 206.5 coupled 
to the respective band 4 and band 5 ?lters need not be 
adjusted to provide additional dispersion compensation 
beyond that provided by the DCM 202 (see FIG. 2a). 
[0053] It should also be noted that for the illustrated 
embodiment, there are no band gaps betWeen the bands 1-8. 
Accordingly, the DCM’s 2061-206.M may be adjusted to 
compensate the residual dispersion contained in the bands 
1-8, on a per-band basis, Without reducing the total channel 
count of the optical input signal. 
[0054] As shoWn in FIG. 2a, the DCM’s 2061-206.M 
provide the dispersion-compensated bands l-M to respec 
tive optical de-multiplexors 2121-212.M by Way of trans 
mission ?bers 2111-211.M. The respective de-multiplexors 
2121-212.M are con?gured to receive the bands l-M, and 
separate the bands l-M into their component Wavelengths 
for subsequent processing. 
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[0055] For example, the de-multiplexor 212.1 separates 
the band 1 into its component Wavelengths )tBandLl-kBandn, 
the de-multiplexor 212.2 separates the band 2 into its 
component Wavelengths >\.Band2_1-)\.Band2_J, and the de-mul 
tiplexor 212.M separates the band M into its component 
Wavelengths )LBandM_1-)\.BandM_K. 

[0056] FIG. 2c depicts a block diagram of an illustrative 
embodiment of a line terminating apparatus 260 con?gured 
to provide per-band dispersion compensation With gap-free 
band structures at an optical signal transmitting site of a high 
speed DWDM optical transmission system, in accordance 
With the present invention. The line terminating apparatus 
260 includes a plurality of optical multiplexors 2621-262.M 
con?gured to receive, e.g., the component Wavelengths 
BM l-kBandll of band 1, the component Wavelengths >\.Band21 

)tBandZJ of band 2, through the component Wavelengths 
BandMJ-kBandMK of band M, respectively; multiplex the com 

ponent Wavelengths >\'Band1.1_)\'Band1.I> >\'Band2.1_)\'Band2.J> 
through )LBandM_1-)\.BandM_K into the respective bands l-M; 
and, provide the bands l-M to the respective transmission 
?bers 2611-261.M. 

[0057] The line terminating apparatus 260 further includes 
a plurality of DCM’s 2641-264.M and a band combiner 
266. The plurality of DCM’s 2641-264.M are con?gured to 
receive the respective bands l-M by Way of the transmission 
?bers 2611-261.M, and provide dispersion-compensated 
bands l-M to the band combiner 266 by Way of transmission 
?bers 2631-263.M. The band combiner 266 is con?gured to 
combine the respective bands l-M into a multi-Wavelength 
optical signal, and provide the multi-Wavelength optical 
signal to a transmission ?ber 265. 

[0058] FIG. 2a' depicts a block diagram of an illustrative 
embodiment of the band combiner 266, Which comprises 
band ?lters 270, 272, 274, 276, 278, and 280; and, a 50/50 
optical coupler 282. In one embodiment, the band 1 ?lter 
270, the band 3 ?lter 272, and the band M-l ?lter 274 in a 
?rst transmission path are con?gured to receive a ?rst group 
of “odd” component bands on the respective transmission 
?bers 264.1, 264.3, 264.M-3, and 264.M-1; and, the band 2 
?lter 276, the band 4 ?lter 278, and the band M ?lter 280 in 
a second transmission path are con?gured to receive a 
second group of “even” component bands on the respective 
transmission ?bers 264.2, 264.4, 264.M-2, and 264.M. Like 
the band ?lters 222, 224, 226, 228, 230, and 232 (see FIG. 
2b), the band ?lters 270, 272, 274, 276, 278, and 280 
included in the band combiner 266 are con?gured to provide 
loW insertion loss and good uniformity across the compo 
nent bands l-M. 

[0059] The band ?lters 270, 272, and 274 provide the 
?ltered ?rst group of odd component bands to the 50/50 
optical coupler 282 by Way of a transmission ?ber 269; and, 
the band ?lters 276, 278, and 280 provide the ?ltered second 
group of even component bands to the 50/50 optical coupler 
282 by Way of a transmission ?ber 271. The 50/50 optical 
coupler 282 is con?gured to couple a multi-Wavelength 
optical signal comprising a combination of the odd and even 
component bands to the transmission ?ber 265. 

[0060] The band combiner 266 provides the multi-Wave 
length optical signal comprising the combined component 
bands l-M to a DCM 268 (see FIG. 2c) by Way of the 
transmission ?ber 265. The DCM 268 is con?gured to 
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provide a dispersion-compensated multi-Wavelength optical 
signal to a transmission ?ber 267 for subsequent transmis 
sion. 

[0061] For example, the DCM’s 264.1-264.M and 268 
may comprise respective dispersion compensation ?bers, 
?ber Bragg gratings, or any other device capable of com 
pensating ?ber dispersion and non-linearity. In a preferred 
embodiment, the DCM’s 264.1-264.M and 268 are adjust 
able to provide desired levels of dispersion compensation. 

[0062] FIG. 3 depicts a block diagram of an illustrative 
embodiment of an all-optical regenerating apparatus 300 
con?gured to provide per-band dispersion compensation 
With gap-free band structures at mid-points of an optical 
signal path of a high speed DWDM optical transmission 
system, in accordance With the present invention. Like the 
line terminating/regenerating apparatus 200 (see FIG. 2a) 
and the line terminating apparatus 260 (see FIG. 2c), the 
regenerating apparatus 300 provides for a reduced ?ber 
dispersion limit in a high speed DWDM optical transmission 
system by performing per-band dispersion compensation on 
a multi-Wavelength optical signal having a gap-free band 
structure. 

[0063] The regenerating apparatus 300 includes a DCM 
302 con?gured to receive a multi-Wavelength optical input 
signal by Way of a transmission ?ber 301, and provide a 
dispersion-compensated optical signal to a transmission 
?ber 303. The DCM 302 is con?gured to compensate for the 
effects of accumulated dispersion caused by ?ber dispersion 
and non-linearity in the optical input signal. For eXample, 
the DCM 302 may comprise a dispersion compensation 
?ber, a ?ber Bragg grating, or any other device capable of 
compensating accumulated dispersion caused by, e.g., ?ber 
dispersion and non-linearity. 
[0064] Because nonZero dispersion slopes may cause 
component Wavelengths of the optical input signal to be 
subject to different dispersion values in the transmission 
?ber 301 and the DCM 302, different levels of residual 
dispersion may accumulate for at least some of the compo 
nent Wavelengths of the optical input signal. 

[0065] For this reason, DCM 302 provides the optical 
signal to a band splitter 304 con?gured to separate the 
optical signal into a plurality of its component bands such 
that no band gaps are formed betWeen adjacent bands. 
Further, the band splitter 304 provides the component bands 
to respective DCM’s 306.1-306.M con?gured to compen 
sate the residual dispersion contained in the bands on a 
per-band basis. Like the DCM’s 206.1-206.M (see FIG. 2a), 
the DCM’s 306.1-306.M are preferably adjustable to pro 
vide desired levels of dispersion compensation to maintain 
the residual dispersion in each band Within a predetermined 
target WindoW. 

[0066] The DCM’s 306.1-306.M provide the dispersion 
compensated bands to an optical multipleXor 313 con?gured 
to receive the bands and provide a multi-Wavelength optical 
signal comprising the component bands to a transmission 
?ber 315 for subsequent transmission. 

[0067] FIG. 4 depicts a block diagram of an illustrative 
embodiment of an optical add/drop apparatus 400 con?g 
ured to reduce a ?ber dispersion limit in a high speed 
DWDM optical transmission system by performing per 
band dispersion compensation on a multi-Wavelength opti 
cal signal. 
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[0068] The add/drop apparatus 400 includes an optical 
pre-ampli?er 402 con?gured to receive an optical input 
signal comprising a single band (or a limited number of 
bands) by Way of a transmission ?ber 401, compensate for 
losses introduced by the transmission ?ber 401, and provide 
the ampli?ed optical signal to a DCM 406.1, Which is 
coupled to the input of an optical add/drop device 408.1. The 
DCM 406.1 is con?gured to compensate residual dispersion 
contained in the band. In a preferred embodiment, the DCM 
406.1 is adjustable to provide a desired level of dispersion 
compensation to maintain the residual dispersion in the band 
Within a predetermined target WindoW. The DCM 406.1 then 
provides the dispersion-compensated band to the add/drop 
device 408.1, Which provides Wavelengths that are dropped 
from the band (“dropped traf?c”) to a transmission ?ber 409, 
and further provides “through traf?c” to a DCM 406.P, 
Which is coupled to the input of an optical add/drop device 
408.P. 

[0069] The DCM 406.P is preferably adjustable to provide 
a desired level of dispersion compensation to maintain the 
residual dispersion in the band (minus the dropped traffic) 
Within the predetermined target WindoW. The DCM 406.P 
then provides the dispersion-compensated through traf?c to 
the add/drop device 408.P, Which may provide dropped 
traffic to a transmission ?ber 411, and further provides the 
through traffic to an optical add/drop device 408.P+1. 

[0070] The add/drop device 408.P+1 is con?gured to 
receive Wavelengths that are to be added Within the band 
(“added traffic”) by Way of a transmission ?ber 413, and 
provides the through traffic (including the added traffic) to a 
DCM 406.P+1 coupled to the output of the add/drop device 
408.P+1. 

[0071] The DCM 406.P+1 is preferably adjustable to 
provide a desired level of dispersion compensation to main 
tain the residual dispersion in the band (including the added 
traffic) Within the predetermined target WindoW. The DCM 
406.P+1 then provides the dispersion-compensated through 
traffic to an optical add/drop device 408.Q, Which may 
receive added traffic via a transmission ?ber 415, and 
provides the through traf?c to a DCM 406.Q coupled to the 
output of the add/drop device 408.Q. 

[0072] The DCM 406.Q is also preferably adjustable to 
provide a desired level of dispersion compensation to main 
tain the residual dispersion in the band Within the predeter 
mined target WindoW. The DCM 406.Q then provides the 
dispersion-compensated through traf?c to an optical post 
ampli?er 420 con?gured to compensate for losses intro 
duced by the transmission path comprising the DCM’s 
406.1-406.Q and the add/drop devices 408.1-408.Q. The 
post-ampli?er 420 then provides the ampli?ed band to a 
transmission ?ber 421 for subsequent transmission. 

[0073] The pre-ampli?er 402 and the post-ampli?er 420 
may comprise respective EDFA’s; and, the DCM’s 406.1 
406.Q may comprise respective dispersion compensation 
?bers, ?ber Bragg gratings, or any other device capable of 
compensating for ?ber dispersion. 

[0074] It should be appreciated that the disclosed appara 
tus and methods for providing per-band dispersion compen 
sation With gap-free band structures can be employed for 
?ne-tuning chromatic dispersion to meet strict dispersion 
tolerance requirements in very high speed DWDM optical 
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transmission systems capable of handling bit rates of, e.g., 
40 Gb/s or more. The disclosed apparatus and methods also 
facilitate in-service upgrades of DWDM optical transmis 
sion systems to, e.g., incorporate neW bands or remove 
unneeded bands, and/or optimiZe dispersion maps associated 
With respective channels by, e.g., suitably modifying dis 
persion levels at optical ampli?cation and per-band disper 
sion compensation sites. Such modi?cation of dispersion 
levels can also be employed to reduce poWer requirements 
at these sites in a DWDM optical transmission system. 

[0075] It should also be appreciated that because the 
DCM’s included in the line terminating/regenerating appa 
ratus 200 (see FIG. 2a), the line terminating apparatus 260 
(see FIG. 2c), the regenerating apparatus 300 (see FIG. 3), 
and the optical add/drop apparatus 400 (see FIG. 4) are 
employed to provide per-band dispersion compensation to 
compensate residual dispersion Within the spectral range of 
each band, the requirements and cost of the DCM’s are 
substantially reduced. 

[0076] It Will further be appreciated by those of ordinary 
skill in the art that modi?cations to and variations of the 
above-described apparatus and method may be made With 
out departing from the inventive concepts disclosed herein. 
Accordingly, the invention should not be vieWed as limited 
eXcept as by the scope and spirit of the appended claims. 

What is claimed is: 
1. An optical transmission system, comprising: 

a transmitting device con?gured to transmit at least one 
multi-Wavelength optical signal; 

a receiving device con?gured to receive the at least one 
multi-Wavelength optical signal; and 

an optical transmission path interconnecting the transmit 
ting device and the receiving device and con?gured to 
carry the at least one multi-Wavelength optical signal, 

Wherein the optical transmission path includes 

a band splitting device con?gured to receive a ?rst 
multi-Wavelength optical signal and to split the ?rst 
optical signal into a plurality of bands of component 
Wavelengths, each band comprising at least one 
Wavelength, and 

a ?rst dispersion compensating device con?gured to 
receive the plurality of bands of component Wave 
lengths and to compensate dispersion contained in 
each band. 

2. The optical transmission system of claim 1 Wherein the 
dispersion contained in each band comprises Wavelength 
dependent residual dispersion. 

3. The optical transmission system of claim 1 Wherein 
there are no band gaps betWeen adjacent bands in the 
plurality of bands. 

4. The optical transmission system of claim 1 Wherein the 
optical transmission path further includes a second disper 
sion compensating device con?gured to receive a second 
multi-Wavelength optical signal, to compensate for effects of 
optical ?ber dispersion and non-linearity in a refractive 
indeX of optical ?ber in the second optical signal to generate 
the ?rst optical signal, and to provide the ?rst optical signal 
to the band splitting device. 

5. The optical transmission system of claim 4 Wherein the 
?rst optical signal provided to the band splitting device by 
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the second dispersion compensating device contains Wave 
length-dependent residual dispersion. 

6. The optical transmission system of claim 1 Wherein the 
optical transmission path further includes a plurality of 
optical de-multipleXors con?gured to receive the respective 
bands, and to separate the respective bands into their com 
ponent Wavelengths. 

7. The optical transmission system of claim 1 Wherein the 
optical transmission path further includes at least one optical 
multipleXor con?gured to receive the respective bands, and 
to combine the respective bands into a third multi-Wave 
length optical signal. 

8. The optical transmission system of claim 1 Wherein the 
band splitting device includes a 50/50 optical coupler con 
?gured to receive the ?rst optical signal and to provide the 
?rst optical signal to a ?rst optical path and a second optical 
path, the ?rst optical path including a ?rst group of band 
?lters, and the second optical path including a second group 
of band ?lters. 

9. The optical transmission system of claim 8 Wherein the 
?rst group of band ?lters is con?gured to split the ?rst 
optical signal into a plurality of even bands, and the second 
group of band ?lters is con?gured to split the ?rst optical 
signal into a plurality of odd bands, there being no band gaps 
betWeen adjacent bands of the pluralities of odd and even 
bands. 

10. The optical transmission system of claim 1 Wherein 
the ?rst dispersion compensating device includes a plurality 
of dispersion compensating modules con?gured to compen 
sate residual dispersion contained in the respective bands. 

11. A method of transmitting a multi-Wavelength optical 
signal through an optical transmission system, the system 
including a transmitting device con?gured to transmit at 
least one multi-Wavelength optical signal, a receiving device 
con?gured to receive the at least one multi-Wavelength 
optical signal, and an optical transmission path intercon 
necting the transmitting device and the receiving device and 
con?gured to carry the at least one multi-Wavelength optical 
signal, the method comprising the steps of: 

transmitting a ?rst multi-Wavelength optical signal along 
the optical transmission path by the transmitting 
device; 

receiving the ?rst optical signal by a band splitting device 
included in the optical transmission path; 

splitting the ?rst optical signal to obtain a plurality of 
bands of component Wavelengths by the band splitting 
device, each band comprising at least one Wavelength; 
and 

compensating dispersion contained in each band by a ?rst 
dispersion compensating device included in the optical 
transmission path. 

12. The method of claim 11 Wherein the dispersion 
compensated in the compensating step comprises Wave 
length-dependent residual dispersion. 

13. The method of claim 11 Wherein the plurality of bands 
obtained in the splitting step comprises no band gaps 
betWeen adjacent bands. 

14. The method of claim 11 further including the step of 
compensating effects of optical ?ber dispersion and non 
linearity in a refractive indeX of optical ?ber in a second 
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optical signal to generate the ?rst optical signal by a second 
dispersion compensating device included in the optical 
transmission path. 

15. An optical transmission system, comprising: 

a transmitting device con?gured to transmit at least one 
multi-Wavelength optical signal; 

a receiving device con?gured to receive the at least one 
multi-Wavelength optical signal; and 

an optical transmission path interconnecting the transmit 
ting device and the receiving device and con?gured to 
carry the at least one multi-Wavelength optical signal, 

Wherein the optical transmission path includes 

at least one ?rst optical add/drop device con?gured to 
receive a multi-Wavelength optical signal and to 
provide at least one Wavelength dropped from the 
optical signal, 

at least one second optical add/drop device con?gured 
to receive at least one Wavelength that is to be added 
to the optical signal, and 

Wherein the optical transmission path further includes 
respective dispersion compensating devices coupled 
at an input of the ?rst optical add/drop device and an 
output of the second optical add/drop device and 
con?gured to compensate dispersion contained in the 
optical signal. 

16. The optical transmission system of claim 15 Wherein 
the dispersion contained in the optical signal comprises 
Wavelength-dependent residual dispersion. 

17. The optical transmission system of claim 15 Wherein 
the optical signal comprises at least one band, the band 
including at least one component Wavelength. 

18. The optical transmission system of claim 15 Wherein 
the optical signal comprises a plurality of bands of compo 
nent Wavelengths, there being no band gaps betWeen adja 
cent bands. 

19. A method of providing in-service upgrades of an 
optical transmission system, the system including a trans 
mitting device con?gured to transmit at least one multi 
Wavelength optical signal, a receiving device con?gured to 
receive the at least one multi-Wavelength optical signal, and 
an optical transmission path interconnecting the transmitting 
device and the receiving device and con?gured to carry the 
at least one multi-Wavelength optical signal, the multi 
Wavelength optical signal including a plurality of bands of 
component Wavelengths, the method comprising the steps 
of: 

in the event a ?rst band of Wavelengths is to be added to 
the plurality of bands carried by the optical transmis 
sion path, con?guring a band splitting device included 
in the optical transmission path to provide the ?rst 
band, and con?guring a ?rst dispersion compensating 
device in the optical transmission path to compensate 
dispersion in the ?rst band; and 

in the event a second band of Wavelengths is to be 
dropped from the plurality of bands carried by the 
optical transmission path, con?guring the band splitting 
device to cease providing the second band, and con 
?guring a second dispersion compensating device in 
the optical transmission path to cease compensating 
dispersion in the second band. 
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20. The method of claim 19 Wherein the dispersion 
contained in the ?rst and second bands compensated by the 
?rst and second dispersion compensating devices comprises 
Wavelength-dependent residual dispersion. 

21. The method of claim 19 Wherein there are no band 
gaps in the plurality of bands included in the multi-Wave 
length optical signal. 

22. An optical transmission system, comprising: 

a transmitting device con?gured to transmit at least one 
multi-Wavelength optical signal; 

a receiving device con?gured to receive the at least one 
multi-Wavelength optical signal; and 

an optical transmission path interconnecting the transmit 
ting device and the receiving device and con?gured to 
carry the at least one multi-Wavelength optical signal, 

Wherein the optical transmission path includes 

a ?rst dispersion compensating device con?gured to 
receive a plurality of Wavelength bands of a ?rst 
multi-Wavelength optical signal and to compensate 
dispersion contained in each band, each band com 
prising at least one Wavelength, and 

a band combining device con?gured to receive the 
plurality of dispersion-compensated bands, and to 
combine the plurality of bands to generate a second 
multi-Wavelength optical signal. 

23. The optical transmission system of claim 22 Wherein 
the dispersion contained in each band comprises Wave 
length-dependent residual dispersion. 

24. The optical transmission system of claim 22 Wherein 
there are no band gaps betWeen adjacent bands in the 
plurality of bands. 

25. The optical transmission system of claim 22 Wherein 
the optical transmission path further includes a second 
dispersion compensating device con?gured to receive the 
second multi-Wavelength optical signal, and to compensate 
for effects of optical ?ber dispersion and non-linearity in a 
refractive indeX of optical ?ber in the second optical signal. 

26. The optical transmission system of claim 22 Wherein 
the optical transmission path further includes a plurality of 
optical multipleXors con?gured to receive respective com 
ponent Wavelength bands, and to combine the respective 
component Wavelength bands to generate the plurality of 
Wavelength bands of the ?rst multi-Wavelength optical sig 
nal. 

27. The optical transmission system of claim 22 Wherein 
the band combining device includes a ?rst group of band 
?lters in a ?rst optical path, a second group of band ?lters 
in a second optical path, the ?rst and second groups of band 
?lters being con?gured to receive and ?lter the respective 
dispersion-compensated bands, and a 50/50 optical coupler 
con?gured to receive the respective ?ltered bands by Way of 
the ?rst and second optical paths and generate the second 
multi-Wavelength optical signal comprising a combination 
of the respective ?ltered bands. 

28. The optical transmission system of claim 27 Wherein 
the respective dispersion-compensated bands received by 
the ?rst group of band ?lters comprise a plurality of odd 
bands, and the respective dispersion-compensated bands 
received by the second group of band ?lters comprise a 
plurality of even bands. 
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29. The optical transmission system of claim 22 wherein 
the ?rst dispersion compensating device includes a plurality 
of dispersion compensating modules con?gured to compen 
sate dispersion contained in the respective bands. 

30. A method of transmitting a multi-Wavelength optical 
signal through an optical transmission system, the system 
including a transmitting device con?gured to transmit at 
least one multi-Wavelength optical signal, a receiving device 
con?gured to receive the at least one multi-Wavelength 
optical signal, and an optical transmission path intercon 
necting the transmitting device and the receiving device and 
con?gured to carry the at least one multi-Wavelength optical 
signal, the method comprising the steps of: 

transmitting a plurality of bands of component Wave 
lengths of a ?rst multi-Wavelength optical signal along 
the optical transmission path by the transmitting 
device, each band comprising at least one Wavelength; 
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receiving the plurality of bands of component Wave 
lengths by a dispersion compensating device included 
in the optical transmission path; 

compensating dispersion contained in each band by the 
dispersion compensating device; and 

combining the plurality of dispersion-compensated bands 
to obtain a second multi-Wavelength optical signal by a 
band combining device included in the optical trans 
mission path. 

31. The method of claim 30 Wherein the dispersion 
compensated in the compensating step comprises Wave 
length-dependent residual dispersion. 

32. The method of claim 30 Wherein the plurality of bands 
transmitted in the transmitting step comprises no band gaps 
betWeen adjacent bands. 

* * * * * 


