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(57) ABSTRACT 

The present invention concerns a negative-dispersion optical 
?ber for compensating in a shorter length for chromatic 
dispersion of a positive-dispersion optical ?ber in a signal 
Wavelength band, and an optical transmission line incorpo 
rating it. The negative-dispersion optical ?ber has the fol 
loWing properties at the Wavelength of 1550 nm; chromatic 
dispersion D of not more than —150 ps/nm/km; a dispersion 
slope satisfying such a condition that a ratio thereof (S/D) to 
the chromatic dispersion D is not less than 2.0><10_3/nm nor 
more than 4.7><10_3/nm; and an effective area of not less 
than 12 pm2 but less than 25 pmz. For satisfying these 
properties, the negative-dispersion optical ?ber has, in the 
order stated from the center toWard the outer periphery, a 
core region of a maximum refractive index n1, a ?rst 
cladding of a refractive index n2 (<n1), a second cladding of 
a refractive index n3 (>n2), and a third cladding of a 
refractive index n4 (<n3) 
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NEGATIVE-DISPERSION OPTICAL FIBER AND 
OPTICAL TRANSMISSION LINE 
INCORPORATING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority to Provisional 
Application Serial No. 60/283168 ?led on Apr. 12, 2001, 
Which is/are hereby incorporated by reference in its/their 
entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a negative-disper 
sion optical ?ber for compensating for chromatic dispersion 
of a positive-dispersion optical ?ber having positive chro 
matic dispersion in a signal Wavelength band, and to an 
optical transmission line incorporating the same. 

[0004] 2. Related Background Art 

[0005] An optical transmission system transmits signals of 
multiple channels through an optical transmission line con 
sisting of optical ?bers to enable long-haul and large 
capacity communication. Silica based optical ?bers com 
monly applied to the optical transmission lines exhibit their 
minimum transmission loss near the Wavelength of 1.55 pm. 
On the other hand, an Er-doped optical ?ber ampli?er 
(EDFA: Erbium-Doped Fiber Ampli?er) capable of ampli 
fying signals near the Wavelength of 1.55 pm is available for 
practical use as optical ampli?cation means. For this reason, 
C-band (1530 nm to 1560 nm) is mainly utiliZed as a signal 
Wavelength band. 

[0006] Since EDFA capable of amplifying signals near the 
Wavelength of 1.58 pm Was also developed recently, L-band 
(1570 nm to 1610 nm) is also noW being utiliZed as a signal 
Wavelength band. For realiZing much larger capacity trans 
mission, use of S-band (1450 nm to 1530 nm) as a signal 
Wavelength band is also under research. 

[0007] In addition, Wavelength division multiplexing 
(WDM) optical transmission systems are systems that trans 
mit multiplexed signals of multiple channels included in the 
foregoing S-band, C-band, or L-band and that enable large 
capacity information transmission. Concerning such WDM 
optical transmission systems, there are needs for further 
increase of information content and this demands to main 
tain absolute values of chromatic dispersion small across a 
Wider Wavelength band throughout the entire optical trans 
mission line. 

[0008] HoWever, the optical ?bers normally applied to the 
optical transmission lines have positive chromatic disper 
sion and the positive sign of dispersion slope in either of the 
S-band, C-band, and L-band. For example, a standard 
single-mode optical ?ber having the Zero dispersion Wave 
length near the Wavelength of 1.3 pm has the chromatic 
dispersion of about +16 ps/nm/km to +21 ps/nm/km at the 
Wavelength of 1.55 pm. A non-Zero dispersion-shifted opti 
cal ?ber (NZ-DSF) having the Zero dispersion Wavelength 
near the Wavelength of 1.55 pm has the chromatic dispersion 
of about +2 ps/nm/km to +12 ps/nm/km at the Wavelength of 
1.55 pm. These single-mode optical ?ber and non-Zero 
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dispersion-shifted optical ?ber both have positive dispersion 
slopes in the S-band, C-band, and L-band. 

[0009] When an optical transmission line is constructed by 
applying only optical ?bers With positive chromatic disper 
sion (hereinafter referred to as positive-dispersion optical 
?bers) as described above, the optical transmission line has 
large cumulative chromatic dispersion. This leads to degra 
dation of Waveforms of signals and it thus becomes hard to 
implement long-haul and large-capacity optical transmis 
sion. Therefore, application of optical ?bers With negative 
chromatic dispersion (hereinafter referred to as negative 
dispersion optical ?bers) is under study in order to compen 
sate for the chromatic dispersion of the positive-dispersion 
optical ?bers (e.g., Japanese Patent Applications Laid-Open 
No. H6-11620, H8-136758, H8-313750, and so on). 

SUMMARY OF THE INVENTION 

[0010] The inventors investigated the above-mentioned 
prior arts and found the folloWing problem. Namely, it is 
generally knoWn that the negative-dispersion optical ?bers 
have larger transmission losses than the positive-dispersion 
optical ?bers. Therefore, in the case of using long negative 
dispersion optical ?bers, there is a problem such that the 
transmission loss becomes large. According to the knoWl 
edge of the inventors, the optical transmission line com 
posed of the positive-dispersion and negative-dispersion 
optical ?bers has such a tendency that average chromatic 
dispersion on the Whole of the optical transmission line is 0 
near the Zero dispersion Wavelength but absolute values of 
chromatic dispersion increase With deviation from the Zero 
dispersion Wavelength. Since the conventional transmission 
lines had the large deviation of chromatic dispersion in the 
signal Wavelength band as described, there Was a limit to 
implementation of long-haul and large-capacity WDM opti 
cal transmission. 

[0011] The present invention has been accomplished in 
order to solve the foregoing problem and an object of the 
invention is to provide a negative-dispersion optical ?ber 
that can compensate in a short length for the chromatic 
dispersion of the positive-dispersion optical ?ber in the 
signal Wavelength band, and an optical transmission line 
incorporating it and enabling long-haul and large-capacity 
WDM optical transmission. 

[0012] In order to accomplish the above object, a nega 
tive-dispersion optical ?ber according to the present inven 
tion has the folloWing properties at the Wavelength of 1550 
nm: chromatic dispersion D of not more than —150 ps/nm/ 
km and more preferably not more than —180 ps/nm/km; a 
dispersion slope S satisfying such a condition that a ratio 
thereof to the chromatic dispersion D, (S/D), is not less than 
2.0><10_3/nm nor more than 4.7><10_3/nm; and an effective 
area of not less than 12 pm2 but less than 25 pm2 and more 
preferably less than 20 pmz. Another negative-dispersion 
optical ?ber according to the present invention may have the 
folloWing properties at the Wavelength of 1550 nm: chro 
matic dispersion D of not more than —200 ps/nm/km; and a 
dispersion slope S satisfying such a condition that a ratio 
thereof to the chromatic dispersion D, (S/D), is not less than 
2.0><10_3/nm nor more than 4.7><10_3/nm. 

[0013] Since the negative-dispersion optical ?ber has the 
small chromatic dispersion D (the sign of Which is negative 
and the absolute value of Which is large) as described above, 
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an optical transmission line composed of a positive-disper 
sion optical ?ber and the negative-dispersion optical ?ber 
can be constructed at a small ratio of the length of the 
negative-dispersion optical ?ber. This suppresses increase of 
transmission loss due to insertion of the negative-dispersion 
optical ?ber in the optical transmission line and enables 
construction of the optical transmission line at loW cost. 
Since the foregoing ratio (S/D) is not less than 2.0><10_3/nm 
nor more than 4.7><10_3/nm, a dispersion slope compensa 
tion rate becomes approximately 60% to 140%, Whereby it 
is feasible to make small both respective absolute values of 
average chromatic dispersion and average dispersion slope 
on the Whole of the optical transmission line and make small 
the deviation (maximum-minimum) of average chromatic 
dispersion among Wavelengths on the Whole of the optical 
transmission line in the signal Wavelength band. The effec 
tive area of not less than 12 pm2 is equivalent to or larger 
than those of the conventional negative-dispersion optical 
?bers and can effectively restrain the nonlinear optical 
phenomena. The effective area of less than 25 pm2 and more 
preferably less than 20 pm2 can effectively restrain increase 
of loss in the negative-dispersion optical ?ber even in a 
cabled form as a bundle of optical ?bers or in a modulariZed 
form as Wound in coil shape. 

[0014] The effective area Aeff is given by the folloWing 
equation, as described in Japanese Patent Application Laid 
Open No. H8-248251 (EP 0 724171A2). 

[0015] In this equation, E represents an electric ?eld 
caused by propagating light and r a radial distance from the 
center of the core. 

[0016] In the negative-dispersion optical ?ber according 
to the present invention, the ratio (S/D) of the dispersion 
slope S to the chromatic dispersion D is not less than 
2.7><10_3/nm nor more than 4.0><10_3/nm. In this case, the 
dispersion slope compensation rate becomes approximately 
80% to 120%, Which makes small both the respective 
absolute values of average chromatic dispersion and average 
dispersion slope on the Whole of the optical transmission 
line incorporating the negative-dispersion optical ?ber and 
Which also makes smaller the deviation of average chro 
matic dispersion among Wavelengths on the Whole of the 
optical transmission line in the signal Wavelength band. 

[0017] In the negative-dispersion optical ?ber according 
to the present invention, the cutoff Wavelength at the length 
of 2 m (CCITT Standard) is preferably not less than 1.0 pm 
nor more than 2.0 pm. In this case, the bend loss of the 
negative-dispersion optical ?ber can be controlled to a small 
level. 

[0018] In the negative-dispersion optical ?ber according 
to the present invention, a transmission loss at the Wave 
length of 1550 nm is preferably not more than 1.0 dB/km 
and more preferably not more than 0.7 dB/km. The reason 
is that increase of the transmission loss on the Whole of the 
optical transmission line can be suppressed more effectively. 

[0019] For realiZing the various properties as described 
above, the negative-dispersion optical ?ber according to the 
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present invention comprises a core region extending along a 
predetermined aXis and having a predetermined maXimum 
refractive indeX; a ?rst cladding region surrounding the core 
region and having a refractive indeX loWer than the maXi 
mum refractive indeX of the core region; a second cladding 
region surrounding the ?rst cladding region and having a 
refractive indeX higher than the refractive indeX of the ?rst 
cladding region; and a third cladding region surrounding the 
second cladding region and having a refractive indeX loWer 
than the refractive indeX of the second cladding region. 

[0020] Having this indeX pro?le, the negative-dispersion 
optical ?ber is realiZed With the foregoing various properties 
and is preferable, particularly, in that the bend loss can be 
effectively decreased While lengthening the cutoff Wave 
length. In the negative-dispersion optical ?ber, a maXimum 
relative refractive indeX difference of the core region to the 
third cladding region is preferably not less than 1.8% nor 
more than 3.0%. In this case, the bend loss can be decreased 
readily by lengthening the cutoff Wavelength. 

[0021] An optical transmission line according to the 
present invention comprises a negative-dispersion optical 
?ber having the above-mentioned structure and a positive 
dispersion optical ?ber having the folloWing properties at 
the Wavelength of 1550 nm: chromatic dispersion of not less 
than +15 ps/nm/km nor more than +21 ps/nm/km; and a 
dispersion slope of not less than +0.05 ps/nm2/km nor more 
than +0.07 ps/nmZ/km. This optical transmission line is 
constructed to compensate for the chromatic dispersion of 
the positive-dispersion optical ?ber by the negative-disper 
sion optical ?ber having the chromatic dispersion and dis 
persion slope both being small (the negative sign and large 
absolute values) in the signal Wavelength band. This struc 
ture can decrease the ratio of the length of the negative 
dispersion optical ?ber in the entire transmission line and 
can effectively suppress the increase of transmission loss in 
the entire transmission line eventually. Since the chromatic 
dispersion and dispersion slope both are compensated in the 
optical transmission line by the application of the negative 
dispersion optical ?ber having the various properties as 
described above, absolute values of chromatic dispersion 
can be kept small throughout the entire signal Wavelength 
band and it becomes feasible to implement the long-haul and 
large-capacity WDM optical transmission. 

[0022] The optical transmission line according to the 
present invention comprises the negative-dispersion optical 
?ber (the negative-dispersion optical ?ber according to the 
present invention) and the positive-dispersion optical ?ber 
as described above and is located at least either betWeen a 
transmitting station and a receiving station, betWeen a trans 
mitting station and a relay station including an optical 
ampli?er or the like, betWeen relay stations, or betWeen a 
relay station and a receiving station. The negative-dispersion 
optical ?ber incorporated in the optical transmission line 
may be located in a relay station. Each of the negative 
dispersion optical ?ber and the positive-dispersion optical 
?ber constituting the optical transmission line may be con 
structed of a plurality of optical ?bers fusion-spliced to each 
other. 

[0023] Further, in the optical transmission line according 
to the present invention, the deviation of average chromatic 
dispersion among Wavelengths on the Whole of the optical 
transmission line in the Wavelength band of 1530 nm to 1560 
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nm is not more than 0.5 ps/nm/km, the deviation of average 
chromatic dispersion among Wavelengths on the Whole of 
the optical transmission line in the Wavelength band of 1450 
nm to 1560 nm is not more than 2.0 ps/nm/km, and the 
deviation of average chromatic dispersion among Wave 
lengths on the Whole of the optical transmission line in the 
Wavelength band of 1450 nm to 1610 nm is not more than 
4.0 ps/nm/km and more preferably not more than 2.0 ps/nm/ 
km. 

[0024] The present invention Will become more fully 
understood from the detailed description given hereinbeloW 
and the accompanying draWings Which are given by Way of 
illustration only, and thus are not to be considered as limiting 
the present invention. 

[0025] Further scope of applicability of the present inven 
tion Will become apparent from the detailed description 
given hereinafter. HoWever, it should be understood that the 
detailed description and speci?c examples, While indicating 
preferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIGS. 1A to 1D are vieWs for eXplaining speci?c 
con?gurations of an optical transmission line according to 
the present invention; 

[0027] FIGS. 2A and 2B are a vieW shoWing a cross 
sectional structure of a negative-dispersion optical ?ber 
according to the present invention and an indeX pro?le 
thereof; 

[0028] FIGS. 3 to 5 are graphs shoWing the relation 
betWeen chromatic dispersion and dispersion slope, for each 
of embodiments of negative-dispersion optical ?bers 
according to the present invention; 

[0029] FIG. 6 is a table shoWing speci?cations of samples 
(?bers A to G) corresponding to the embodiments of the 
negative-dispersion optical ?bers according to the present 
invention; 

[0030] FIG. 7 is a graph shoWing chromatic dispersion 
characteristics of respective ?bers A and B out of the ?bers 
A to G presented in the table of FIG. 6; 

[0031] FIG. 8 is a graph shoWing chromatic dispersion 
characteristics of respective ?bers C to F out of the ?bers A 
to G presented in the table of FIG. 6; 

[0032] FIG. 9 is a graph shoWing a chromatic dispersion 
characteristic of ?ber G out of the ?bers Ato G presented in 
the table of FIG. 6; 

[0033] FIG. 10 is a graph shoWing chromatic dispersion 
characteristics of respective transmission lines to Which the 
?bers A, B are applied respectively, out of the ?bers A to G 
presented in the table of FIG. 6; 

[0034] FIG. 11 is a graph shoWing chromatic dispersion 
characteristics of respective transmission lines to Which the 
?bers C to F are applied respectively, out of the ?bers A to 
G presented in the table of FIG. 6; 
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[0035] FIG. 12 is a graph shoWing a chromatic dispersion 
characteristic of an optical transmission line to Which the 
?ber G is applied, out of the ?bers A to G presented in the 
table of FIG. 6; 

[0036] FIG. 13 is a table presenting various properties of 
the respective transmission lines to Which the ?bers A to G 
presented in the table of FIG. 6 are applied; 

[0037] FIG. 14 is an indeX pro?le of a negative-dispersion 
optical ?ber prepared as a comparative eXample; and 

[0038] FIG. 15 is a graph shoWing a chromatic dispersion 
characteristic of an entire transmission line composed of the 
negative-dispersion optical ?ber shoWn in FIG. 14 and a 
positive-dispersion optical ?ber. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0039] Each of embodiments of negative-dispersion opti 
cal ?bers according to the present invention and optical 
transmission lines incorporating them Will be described 
beloW referring to FIGS. 1A to 2B and 3 to 15. The same 
elements Will be denoted by the same reference symbols in 
the description of the draWings and redundant description 
Will be omitted. 

[0040] FIG. 1A is a vieW shoWing the structure of an 
optical transmission line 1 according to the present inven 
tion. This optical transmission line 1 is provided With a 
positive-dispersion optical ?ber 20 having positive chro 
matic dispersion at the Wavelength of 1550 nm and a 
negative-dispersion optical ?ber 10 having negative chro 
matic dispersion at the Wavelength of 1550 nm (a negative 
dispersion optical ?ber according to the present invention). 
In general, the negative-dispersion optical ?ber 10 has a 
smaller effective area than the positive-dispersion optical 
?ber 20. Accordingly, it is preferable that signals be made to 
propagate through the negative-dispersion optical ?ber 10 
after having propagated through the positive-dispersion 
optical ?ber 20, in order to suppress occurrence of the 
nonlinear optical phenomena. 

[0041] The negative-dispersion optical ?ber 10 making 
the optical transmission line 1 may be composed of a 
plurality of optical ?bers 10a to 106 (having respective 
optical characteristics substantially identical With each 
other) fusion-spliced to each other, as shoWn in FIG. 1B. 
The positive-dispersion optical ?ber 20 may also be com 
posed of a plurality of optical ?bers 20a to 206 (having 
respective optical characteristics substantially identical With 
each other) fusion-spliced to each other, as shoWn in FIG. 
1C. Further, the optical transmission line 1 is an optical ?ber 
transmission line located at least either betWeen a transmit 
ting station for sending signals of multiple channels and a 
receiving station, betWeen the transmitting station and a 
relay station, betWeen relay stations, or betWeen the relay 
station and the receiving station. The negative-dispersion 
optical ?ber 10 incorporated in the optical transmission line 
1 may be housed in a relay station 2, as shoWn in FIG. 1D. 
In this case, the negative-dispersion optical ?ber 10 may be 
located betWeen multistage ampli?ers 3a, 3b. 

[0042] The positive-dispersion optical ?ber 20 is normally 
a single-mode optical ?ber laid betWeen relay stations and 
having the Zero dispersion Wavelength near the Wavelength 
of 1.3 pm. Namely, this positive-dispersion optical ?ber 20 
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has the chromatic dispersion D1 of not less than +15 ps/nm/ 
km nor more than +21 ps/nm/km at the Wavelength of 1.55 
pm and the dispersion slope S1 of not less than +0.05 
ps/nm2/km nor more than +0.07 ps/nmZ/km. 

[0043] The negative-dispersion optical ?ber 10 may be 
laid in a relay section While being fusion-spliced to the 
positive-dispersion optical ?ber 20, or may be modulariZed 
as Wound in coil shape and laid in a relay station or in a 
receiving station (see FIG. 1D). When the negative-disper 
sion optical ?ber 10 is laid together With the positive 
dispersion optical ?ber 20 betWeen relay stations, the cumu 
lative transmission loss becomes small, Which is preferable. 
The positive-dispersion optical ?ber 20 and the negative 
dispersion optical ?ber 10 are preferably spliced to each 
other by fusion splicing. In this case, the mode ?eld diam 
eters of these ?bers increase because of heat during the 
fusion splicing Work and thus the splice loss is kept small. 

[0044] The negative-dispersion optical ?ber 10 has the 
folloWing properties at the Wavelength of 1550 nm: the 
chromatic dispersion D2 of not more than —150 ps/nm/km 
and more preferably not more than —180 ps/nm/km; the 
dispersion slope S2 satisfying such a condition that the ratio 
(S2/D2) thereof to the chromatic dispersion D2 is not less 
than 2.0><10_3/nm nor more than 4.7><10_3/nm; and the 
effective area of not less than 12 pm2 but less than 25 pmz. 
As another example, the negative-dispersion optical ?ber 10 
has the folloWing properties at the Wavelength of 1550 nm: 
the chromatic dispersion D2 of not more than —200 ps/nm/ 
km; and the dispersion slope S2 satisfying such a condition 
that the ratio (S2/D2) thereof to the chromatic dispersion D2 
is not less than 2.0><10_3/nm nor more than 4.7><10_3/nm. 

[0045] The smaller the chromatic dispersion D2 (the larger 
the absolute value thereof in the negative sign), the smaller 
the ratio of the length of the negative-dispersion optical ?ber 
10 in the optical transmission line 1. Therefore, the smaller 
chromatic dispersion is preferable, because it becomes fea 
sible to implement decrease of cost per fabrication of optical 
transmission line 1 and decrease the transmission loss on the 
Whole of the optical transmission line 1. When the ratio 
(S2/D2) is not less than 2.0><10_3/nm nor more than 4.7><10_ 
3/nm, the dispersion slope compensation rate 11 becomes 
approximately 60% to 140%. More preferably, the ratio 
(S2/D2) is not less than 2.7><10_3/nm nor more than 4.0><10_ 
3/nm, Whereupon the dispersion slope compensation rate 11 
becomes approximately 80% to 120%. The dispersion slope 
compensation rate 11 (%) is de?ned by the folloWing equa 
tion 

[0046] Namely, as the dispersion slope compensation rate 
11 becomes closer to 100%, the respective absolute values of 
the average chromatic dispersion and average dispersion 
slope on the Whole of the optical transmission line 1 both 
become smaller and the deviation (maximum—minimum) 
of average chromatic dispersion among Wavelengths on the 
Whole of the optical transmission line 1 in the signal 
Wavelength band also becomes smaller. 

[0047] The negative-dispersion optical ?ber 10 becomes 
more resistant to bending With decrease in the effective area. 
When the effective area is less than 25 pmz, the transmission 
loss is small even in the cable form as a bundle of a plurality 
of optical ?bers having the properties equivalent to those of 
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the negative-dispersion optical ?ber 10 or in the module 
form Wound in coil shape. When the effective area is not less 
than 12 pmz, it is equivalent to or greater than the effective 
areas of the conventional optical ?bers and is suf?cient to 
effectively suppress occurrence of the nonlinear optical 
phenomena in the negative-dispersion optical ?ber 10. 

[0048] In the negative-dispersion optical ?ber 10, the 
cutoff Wavelength at the length of 2 m is preferably not less 
than 1.0 pm nor more than 2.0 pm. When the cutoff 
Wavelength is set in this range, the bend loss becomes small. 
Even if the cutoff Wavelength is longer than the signal light 
Wavelength but When not more than 2.0 pm, the effective 
cutoff Wavelength becomes shorter because of distance 
dependence of cutoff Wavelength or because of loss of 
higher modes in the module form as Wound in coil shape and 
the single mode is ensured at the signal Wavelengths in the 
negative-dispersion optical ?ber 10. Further, in the negative 
dispersion optical ?ber 10 the transmission loss at the 
Wavelength of 1550 nm is not more than 1.0 dB/km and 
preferably not more than 0.7 dB/km, Whereby the transmis 
sion loss on the Whole of the optical transmission line 1 
becomes small. 

[0049] This optical transmission line 1 utiliZes the nega 
tive-dispersion optical ?ber 10 having the chromatic disper 
sion and dispersion slope both being small (the negative sign 
and large absolute values) in the signal Wavelength band, 
thereby compensating for the chromatic dispersion of the 
positive-dispersion optical ?ber 20. The ratio of the length of 
the negative-dispersion optical ?ber 10 is decreased in the 
entire transmission line 1, thereby keeping the transmission 
loss small on the Whole of the optical transmission line 1. 
Since the chromatic dispersion and dispersion slope both are 
compensated in this optical transmission line 1, absolute 
values of chromatic dispersion can be kept small throughout 
the entire signal Wavelength band, Which is preferable in 
terms of implementation of the long-haul and large-capacity 
WDM optical transmission. 

[0050] Especially, the optical transmission line 1 yields 
good transmission characteristics, because the deviation of 
chromatic dispersion is small in the S-band (1450 nm to 
1530 nm), in the C-band (1530 nm to 1560 nm), or in the 
L-band (1570 nm to 1610 nm). Speci?cally, in the Wave 
length band of 1530 nm to 1560 nm, the deviation of average 
chromatic dispersion among Wavelengths on the Whole of 
the optical transmission line 1 is preferably not more than 
0.5 ps/nm/km. In the Wavelength band of 1450 nm to 1560 
nm, the deviation of average chromatic dispersion among 
Wavelengths on the Whole of the optical transmission line 1 
is preferably not more than 2.0 ps/nm/km. In the Wavelength 
band of 1450 nm to 1610 nm, the deviation of average 
chromatic dispersion among Wavelengths on the Whole of 
the optical transmission line 1 is preferably not more than 
4.0 ps/nm/km and more preferably not more than 2.0 ps/nm/ 
km. 

[0051] FIG. 2A is a vieW shoWing the cross-sectional 
structure of an embodiment of the negative-dispersion opti 
cal ?ber according to the present invention. This negative 
dispersion optical ?ber 200 has a core region 210 extending 
along a predetermined axis and a cladding region 220 
provided on the outer periphery of the core region. The 
cladding region 220 consists of a ?rst cladding region 221 
provided on the outer periphery of the core region 210, a 














