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(57) Abrége/Abstract:
An optical fiber for forming an optical transmission line suitable for the wavelength division multiplexing transmission by

connecting to a positive dispersion optical fiber Is provided. Outside a first glass layer (1), a second glass layer (2), a third glass
layer (3) and a fourth glass layer (4) are sequentially disposed. The fourth glass layer (4) Is to be a reference layer for a standard
of a refractive index. A relative refractive index difference A1 of the first glass layer to the reference layer is set 1.6% to 2.6%,
Inclusive, a relative refractive index difference A2 of the second glass layer Is set -0.65% to -0.4%, inclusive, and a relative
refractive index difference A3 of the third glass layeris set 0.15% to 0.5%, Inclusive. A relationship among an outer diameter d1
of the first glass layer, an outer diameter d2 of the second glass layer and an outer diameter d3 of the third glass layer is set 2.5

< (d2/d1) 3.0, and 1.5 = (d3/d2) = 3.0.
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Abstract of the Disclosure

An optical fiber for forming an optical transmission line

suitable  for the wavelength division multiplexing
transmission by connecting to a positive dispersion optical
fiber is provided. Outside a first glass layer (1), a second

glass layer (2), a third glass layer (3) and a fourth glass
layer (4) are sequentially disposed. The fourth glass layer
(4) is to be a reference layer for a standard of a refractive
index. A relative refractiv'e index difference Al of the first
glass layer to the reference layer 1s set 1.6% to 2.6%,
inclusive, a relative refractive index difference A2 of the
second glass layer is set -0.65% to -0.4%, inclusive, and a

relative refractive index difference A3 of the third glass

layer is set 0.15% to 0.5%, inclusive. A relationship among
an outer diameter dl of the first glass layer, an outer diameter
d2 of the second glass layer and an outer diameter d3 of the
third glass layer is set 2.5 < (d2/dl) £3.0, and 1.5 £ (d3/d2)

< 3.0.
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OPTICAL FIBER AND OPTICAL TRANSMISSION LINE

USING THE OPTICAL FIBER

Field of the Invention

The present invention relates to an optical fiber and
an optical transmission line using the optical fiber,
particularly to an optical transmission medium sultable for

the wavelength division multiplexing (WDM) transmission.

Background of the Invention
With the development of the information society, the
volume of communication information tends Lo 1ncrease

dramatically. According with such 1ncreasing information,

the wavelength division multiplexing transmission has been

widely received in communication fields. The wavelength

optical fiber.

Currently, as optical amplifiers applied to relay points
for the wavelength division multiplexing transmission, an
optical amplifier using an erbium doped optical fiber (EDFA)
has been developed. This optical amplifier amplifies signals
as they are in the state of optical signals without converting
the optical signals toelectric signals. . It is eliminated that

the optical signals are converted to the electric signals at
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every wavelength 1n the relay points, which is accelerating
the development of the wavelength division multiplexing

transmission.

Summary of the Invention

The i1nventlon is to provide an optical fiber suitable
for the wavelength division multiplexing transmission and an
optical transmission line using the optical fiber. The
optical fiber in the invention comprising:

poth dispersion and a dispersion slope in a waveband of
1570 to 1615 nm being negative values;

a bending loss at a diameter 20 mm in the waveband being
3 dB/m or under;

a transmission loss in the waveband being 0.3 to 0.8 dB/km,
inclusive;

a value of polarization mode dispersion in the waveband

-1/2
2 or under:;

pbeing 0.5 psekm

a value that an absolute vale of a dispersion value is
divided by the transmission loss in the waveband being 170 or
above; and

a value that the dispersion value is divided by the

dispersion slope in the waveband being 270 to 450, inclusive.

Brief Description of the Drawings

Exemplary embodiments of the invention will now
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described in conjunction with drawings in which:

Fig. 1 depicts a diagram lllustrating a refractive index
profile of one embodiment of the optical fiber in the invention;

Fig. 2 depicts an illustration showing an example of an
optical communication system using the optical fiber of the
embodiment; and

Fig. 3 depicts a graph illustrating chromatic dispersion
Characteristics of one sample fabrication of the optical fiber

in the invention.

Detailed Description

In the wavelength division multiplexing transmission,
major factors that hider the realization of speedling up optical
signal transmission are chromatic dispersion and non-
linearity. When chromatic dispersion is great, the waveform

deterloration of the optical signals to be transferred proceeds

and high-speed transmission cannot be conducted. However, in
the meantime, when chromatic dispersion comes close to ZEero,
four wave mixing (FWM) that is one of non-linear phenomena is
generated and distortion in signal waveforms causes the
wavelength division multiplexing transmission difficult.
As for a measure for suppressing both the chromatic

dispersion and non-linearity, proposed is an optical

transmission line where two kinds or more of optical fibers

not having zero dispersion in a transmission band of optical
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signals are connected. The proposal is that the chromatic
dispersion 1s allowed to come close to zero throughout the

optical transmission line by connecting a positive dispersion

optical fiber to a negative dispersion optical fiber. The
optical transmission line of the proposal 1s disclosed in
Japanese Patent Laid-Opens (No. 11620/1994 and No.
313750/1996) . The optical transmission lines of these

proposals use a waveband of 1520 to 1570 nmas the optical signal

transmission band.

In order to further increase transmission capacities in
the wavelength division multiplexing transmission, an optical
transmission line 1s needed that can suppress optical signal
distortions due to both chromatic dispersion and non-linear
phenomena in a brader waveband. However, all the techniques
of the proposals are techniques for a waveband of 1570nm or
under, which cannot be applied to the wavelength division
multiplexing transmission 1n a waveband exceeding a wavelength

of 1570 nm as they are. On this account, broadening

transmission bands 1n the wavelength division multiplexing
transmission has been difficult traditionally.

In one aspect of the invention, i1t 1s to provide an optical
fiber allowling an excellent wavelength division multiplexing
transmission using a waveband of 1570 nm or above in particular.

Fig. 1 depicts a refractive index profile of one

embodiment of the optical fiber in the invention. As for the
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refractive 1index profile of the optical fiber, various
refractive index profiles can be acceptable. As one example,
the refractive index profile, as shown 1n Fig.- 1, 1s adapted
in the embodiment that has a relatively simple structure where
the refractive 1index structure 1s easily designed and
controlled.

The optical fiber of the embodiment has multiple (four
layers here) glass layers (a first glass layer 1, a second glass
layer 2, a third glass layer 3 and a fourth glass layer 4) having
a different composition in adjacent layers. A reference layer
for a standard of a refractive index distribution 1s the fourth
glass layer 4 among the glass layers. 1Inside the fourth glass
layer 4, three grass layers, the first glass layer 1, the second
glass layer 2 and the third glass layer 3, are formed. The first
glass layer 1 is positioned at the center of the refractive
index distribution, having the maximum refractive 1index.
Outside the first glass layer 1, the second glass layer 2 1s
positioned. Outside thereof, the third glass layer 3 1s
positioned.

In Fig. 1, Al indicates a relative refractive 1ndex

difference of the first glass layer 1 to the reference layer

4. A2 indicates a relative refractive i1ndex difference of the

second glass layer 2 to the reference layer 4. A3 1ndicates

arelative refractive index difference of the third glass layer

3 to the reference lavyer 4.
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In the specification, the relative refractive
differences Al, A2 and A3 aredefinedby the following equations
(1) to (3), where a refractive index of the maximum refractive
index part in the first glass layer 1 is set n,, a refractive

index of the minimum refractive index part in the second glass

layer 2 is set n,, a refractive 1ndex of the maximum refractive
index part in the third glass layer 3 1s set n;, and a refractive

index of the reference layer 4 1s set n;:

Al = {(n, — n,)/n;} x 100 ..... (1)
A2 = {(n, - n,)/n,} x 100 ..... (2)
A3 = {(n, — n,)/ny} x 100 ..... (3)

In the embodiment, 1t 1s set 1.6% < Al £ 2.6%, -0.065%
< A2 £ -0.4%, and 0.15% £ A3 £ 0.5%. Additionally, 1t 1s set
2.5 £ (d2/dl) £ 3.0, and 1.5% £ (d3/d2) £ 3.0, where an outer

diameter of the first glass layer 1 is set dl, an outer diameter
of the second glass layer 2 1s set dZ2, and an outer diameter

of the third glass layer 3 1s set d3.

For example, as shown 1n Fig. 2, the optical fiber of
the embodiment is connected to a positive dispersion optical
fiber such as a single mode optical fiber having zero dispersion
in a waveband of 1 to 3 um (more specifically, that has zero

dispersion in a waveband of 1.31 um) and 1s adapted to a
wavelength division multiplexing transmission 1line 1n a

waveband of 1570 to 1615 nm. At this time, the optical fiber

of the embodiment having the refractive index distribution
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functions as a property improving optical fiber. Then, the

optical fiber of the embodiment (property improving optical

fiber) compensates the dispersion and dispersion slope of the

positive dispersion optical fiber 1n the waveband of 1570 to
1615 nm.

The example shown 1n Fig. 2, the positive dispersion
optical fiber 11 side of the optical transmission line
(wavelength division multiplexing transmission 1line) 1is
connected to a signal light transmitter 13 and the optical fiber
(property improving optical fiber) 12 of the embodiment 1is
connected to a signal light receiver 14 for configuring a
wavelength division multiliplexing transmission system.

In this system, when the wavelength division
multiplexing transmission 1s conducted using light signals of
the waveband of 1570 to 1615 nm, positive dispersion of each

wavelength 1in the waveband 1ncreases as transmitting through

_— N

the positive dispersion optical fiber 11. After that, light
signals of each wavelength multiplexed 1s switched from the
positive dispersion optical fiber 11 to the optical fiber 12
of the embodiment for transmission.

The optical fiber 12 of the embodiment has a negative
dispersion value and a negative dispersion siope in the
waveband of 1570 to 1615 nm. Therefore, the positive

dispersion having 1increased as transmitting through the

positive dispersion optical fiber 11 1s compensated in the
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direction where it 1s gradually diminished by the negative
dispersion value of the optical fiber 12 as transmitting
_ through the optical fiber 12. Additionally, similarly, the
positive dispersion slope 1n the waveband of the positive
dispersion optical fiber 11 1s compensated 1in the direction
where it is diminished by the negative dispersion slope of the
optical fiber 12.

In the optical fiber 12 of the embodiment, a value that
a dispersion value in the waveband is divided by the dispersion
slope (DPS) is set to a value close to a DPS value of the positive
dispersion optical fiber (substantially the same), 270 to 450,
inclusive. Accordingly, the dispersion of each wavelength of
the wavelength multiplexed light 1s to be compensated to zero
at the end side of the optical fiber 12 1n the optical

transmission line described above.

In this manner, the optical fiber 12 of the embodiment

is connected to the positive dispersion optilcal fiber 11 to

form an optical transmission line and thereby a low dispersion
optical transmission line is configured in the waveband of 1570
to 1615 nm.

Additionally, in the optical fiber 12 of the embodiment,
a transmissio’n loss 1in the waveband 1s to be 0.3 to 0.8 dB/km,
inclusive. The range of the transmission loss 1s the optimum
range of the transmission loss in the waveband. Generally,

when the transmission loss in the transmitting waveband 1s too
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small, wavelength multiplexed 1light signals over the
acceptable limit 1n an optical transmission system are to be
inputted into an optical fiber. The intensity of the light

signals becomes excessive, non-linear phenomena might be
generated in signals propagating through the optical fiber.
In order to suppress the non-linear phenomena, the need for
inserting an optical attenuator into the receiving side (the
incident side of the optical fiber) of the wavelength
multiplexed light might occur. To this, the optical fiber 12
of embodiment sets the transmission loss i1n the waveband to
0.3to 0.8 dB/km, inclusive. Having such a well-moderated loss

can avoid effort of inserting the optical attenuator or

complication of the optical transmission system.

Furthermore, the transmission loss 1s set to a well-
moderated value. Thus, the optical transmilssion line formed
by connecting the positive dispersion optical fiber 11 to the
optical fiber 12 of the invention can optically transmit the
wavelength multiplexed 1light without 1ncreasing the
transmission loss in the waveband.

Moreover, 1in the optical fiber 12 of the invention, a

value of polarization mode dispersion is set 0.50 psekm /? or

under. Thus, distortion due to polarizatlion mode dispersion
can be suppressed as well. When the wavelength multiplexed
light in the waveband 1s passed through the optical fiber 12

of the invention, the wavelength multiplexed light can be
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rransmitted without trouble with the distortion due to
polarization mode dispersion nearly equal to the extent that
wavelengthmultiplexed light is passed through a currently used
single mode optical fiber or dispersion shifted fiber.

Besides, in the optical fiber 12 of the invention, a
bending loss at a bending diameter of 20 mm is set 3 dB/m or
under. Thus, an increase in the bending loss due to the optical
fiber bending can be prevented surely.

In addition, the refractive index profile of the optical

fiber is formed to have the configuration shown in Fig. 1.

Thereby, the fabrication of the optical fiber 12 of a refractive
 index structure having the set conditions can be facilitated.
Then, optical transmission characteristics of the wavelength
division multiplexing transmission line configured of the
optical fiber 12 of the embodiment and the positive dispersion
optical fiber 11 can be enhanced. According to this, creation
of a high-quality wavelength division multiplexing
transmission system can be intended in the waveband of 1570

to 1615 nm.

Next, each of sample fabrications of the optical fiber
in the invention will be described. The ihventor in fact
fabricated optical fibers of sample 1, sample. 2 and sample 3,
where each of the relative refractive index differences Al,

A2 and A3 and each of the outer diameters dl, dZ and d3 are

set to values within the range of the embodiment. Design values

10
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of refractive index profiles of the optical fibers of sample

1, sample 2 and sample 3 are: the relative refractive index

difference Al = 2.2%, A2 = -0.55% and A3 = 0.25, and dl:d2:d3

= 1:2.8:5.0.

The optical fiber of sample 1 was formed into an optical
fiber having the following characteristics in a wavelength of

1590 nm. That is, a transmission loss in the wavelength of

1590 nm is 0.44 dB/km, a dispersion value is =78 ps/nm/km, a

value that the dispersion value is divided by a dispersion slope
is 291, a value that the absolute value of the dispersion value
is divided by the transmission loss is 177, a bending loss at

a diameter of 20 mm is 0.1 dB/m, and a value of polarization

-1/2

mode dispersion is 0.20 psekm’° or under. Additionally, a

cutoff wavelength of the optical fiber of sample 1 is 1700 nm
or under.

The optical fiber of sample 2 was formed into an optical
fiber having the following characteristics in a wavelength of
1590 nm. That is, a transmission loss in the wavelength of
1590 nm is 0.45 dB/km, a dispersion value is -100 ps/nm/km,
a value that the dispersion value is divided by a dispersion
slope is 295, a value that the absolute value of the dispersion
value is divided by the transmission loss is 222, a bending

loss at a diameter of 20 mm is 0.2 dB/m, and a value of

polarization mode dispersion is 0.20 psekm '’ or under.

Furthermore, a cutoff wavelength of the optical fiber of sample

11
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2 1s 1440 nm.

In addition, when each characteristic 1n a wavelength
of 1550 nm was measured 1n the optical fiber of sample 2, the
following results were obtained. That 1is, a transmission loss
in the wavelength of 1550 nm was 0.45 dB/km, a value that the
dispersion value 1is divided by a dispersion slope was 296, a
value that the absolute value of the dispersion value is divided

by the transmission loss was 231, and a bending loss at a

diameter of 20 mm was 0.1 dB/m.

Moreover, the chromatic dispersion characteristics of
the optical fiber of sample 3 were characterilstics shown in
Fig. 3. The optical fiber of sample 3 was formed 1nto an optical

fiber having the following characteristics 1n a wavelength of

1590 nm. That is, a transmission loss in the wavelength of

1590 nm is 0.45 dB/km, a dispersion value is -132 ps/nm/km,

a dispersion slope is -0.417 ps/nm/km, a value that the

dispersion value 1s divided by the dispersion slope 1is 318,
a value that the absolute value of the dispersion value 1is

divided by the transmission loss 1is 293, a mode field diameter

is 4.4 um, a bending loss at a diameter of 20 mm 1s 0.2 dB/m,

and a value of polarization mode dispersion is 0.20 psekm™/?

or under.

Besides, when each characteristic in a wavelength of 1550
nm was measured in the optical fiber of sample 3, the following

results were obtalned. That 1s, a transmission loss in the

12
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wavelength of 1550 nm was 0.45 dB/km, a value that the
dispersion value is divided by a dispersion slope was 289, a
value that the absolute value of the dispersion value 1s divided

by the transmission loss was 258, and a bending loss at a
diameter of 20 mm was 0.2 dB/m.

The optical fibers of samples 1 to 3 have the aforesaid
characteristics. Therefore, the excellent effects described
in the embodiment can be exerted.

In addition, as happarent from the results that the

characteristics of the optical fibers of samples 2 and 3 were

considered, the same characteristics as those in the waveband

of 1570 to 1615 nm could be obtained in the waveband of 1530
to 1570 nm.

That is, the optical fibers of samples 2 and 3 are formed
into optical fibers, which have a characteristic that can
compensate the dispersion of the single mode optical fiber
where the value that the dispersion value is divided by the
dispersion slope is about 290 in the wavelength of 1550 nm and

about 330 in the wavelength of 1590 nm and are excellent 1in
optical transmission characteristics such as characteristics
of losses or polarization mode dispersion.

Additionally, the optical fibers of samples 1 to 3 were
connected to the positive dispersion optical fiber to form an
optical transmission line. Thereby, it was confirmed that a

low dispersion, low non-linear optical line can be created and

13
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a broadband wavelength division multiplexing transmission can

be realized.

Additionally, the invention 1is not limited to the
embodiment and the sample fabrications, which can adopt various
embodiments. For example, in the embodiment and the sample
fabrications, they were fabricated by disposing three glass
layers inside the reference layer to be a standard of the
refractive index distribution, but the optical fiber of the
invention may be fabricated by disposing four or more glass
layers inside the reference layer. However, it also needs to
satisfy the condition of three—layer structure shown in the
embodiment in the case of disposing four or more glass layers
inside the reference layer.

Furthermore, in the embodiment, the single mode optical

fiper having zero dispersion in the waveband of 1.3 pum was

exemplified as the positive dispersion optical fiber 11
connected to the optical fiber 12. However, the positive
dispersion optical fiber 11 may be an optical fiber having
positive dispersion and a positive dispersion slope, which 1s

not limited to the positive dispersion optical fiber shown in

the embodiment.

14
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What is claimed 1is:

1. An optical fiber comprising:

both dispersion and a dispersion slope 1n a waveband of

1570 to 1615 nm being negative values;

a bending loss at a diameter 20 mm in the waveband belng

3 dB/m or under;

3 transmission loss in the waveband being 0.3 to 0.8 dB/km,

inclusive;

a value of polarization mode dispersion in the waveband
being 0.5 psekm /* or under;

5 value that an absolute vale of a dispersion value 1is
divided by the transmission loss in the waveband being 170 or
above; and

42 value that the dispersion value 1s divided by the

dispersion slope in the waveband being 270 to 450, inclusive.

2 . The optical fiber according to claim 1 further

comprising:
at least three glass layers disposed inside a reference

layer to be a standard of a refractive index profile,

wherein the three glass layers are a first glass layer

2t a center side, a second glass layer outside thereof and a

third glass layer outside thereof,

1.6% < Al < 2.6%, —-0.65% < A2 < -0.45%, and 0.15% < A3 <

15
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0.5% are set where a relative refractive index difference of

the first glass layer to the reference layer is set Al, a

relative refractive index difference of the second glass'fiber
to the reference layer is set A2, and a relative refractive

index difference of the third glass layer to the reference layer

is set A3, and
2.5 < (d2/dl) £3.0, and 1.5 < (d3/d2) £3.0 are set where

an outer diameter of the first glass layer 1 1is set dl, an outer

diameter of the second glass layer 2 is set d2, and an outer

diameter of the third glass layer 3 is set d3.

3. An optical transmission line comprising the optical
fiber according to claim 1l as a property improving optical fiber
connected to a positive dispersion optical fiber having
positive dispersion and a positive dispersion slope,
wherein a value that a dispersion value is divided by
a dispersion slope is 270 to 450, inclusive, 1in both the
positive dispersion optical fiber and the property i1mproving

optical fiber in a waveband ot 1570 to 1615 nm.

4, An optical transmission line ‘comprising the optical
fiber according to claim 2 as a property improving optical fiber
connected to a positive dispersion optical fiber having
positive dispersion and a positive dispersion slope,

wherein a value that a dispersion value 1is divided Dby

16
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. v .
a dispersion slope is 270 to 450, inclusive, 1in both the
positive dispersion optical fiber and the property improving

optical fiber a waveband of 1570 to 1615 nm.

17
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