
(19) United States 
US 20010019643A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0019643 A1 
Yamauchi et al. (43) Pub. Date: Sep. 6, 2001 

(54) OPTICAL FIBER GRATING AND (30) Foreign Application Priority Data 
MANUFACTURING METHOD THEREOF 

Sep. 11, 1997 (JP) ........................................... .. 9-247292 

(76) Inventors: Ryozo Yamauchi, Sakura-shi (JP); 
Akira Wada, Sakura-shi (JP); Tetsuya 
Sakai, Sakura-shi (JP); Nobuyuki 
Tanaka, Sakura-shi (JP); Kensuke 
Shima, Sakura-shi (JP); Kenji Nishide, 
Sakura-shi (JP); Shigefumi Yamasaki, 
Sakura-shi (JP) 

Correspondence Address: 
Chadbourne & Parke, LLP 
30 Rockafeller Plaza 
New York, NY 10112 (US) 

(21) Appl. No.: 09/777,085 

(22) Filed: Feb. 5, 2001 

Related US. Application Data 

(62) Division of application No. 09/088,630, ?led on Jun. 
2, 1998, noW abandoned. 

RADIATED LIGHT (CLADDING MODE) |c 

Publication Classi?cation 

1 nt. . ............................ .. ; G02B 6/02; 5 I C]7 G02B 6/34 
G02B 6/18; G02B 6/00 

(52) US. Cl. ........................... .. 385/37; 385/124; 385/147 

(57) ABSTRACT 

An optical ?ber grating is manufactured by heating inter 
mittently an optical ?ber, provided With a core having 
residual stress in the longitudinal direction, softening a 
peripheral cladding of the core, and forming spatial periodi 
cal changes for the relative refractive index-difference 
betWeen the core and the cladding, in the longitudinal 
direction of the aforementioned optical ?ber by having the 
index of refraction of the core change, through the releasing 
of the aforementioned residual stress. As a result, an optical 
?ber grating and the manufacturing method thereof, Wh1Ch 
do not require expensive equipment and Wh1Ch exhibit high 
productivity, and furthermore a grating characteristic Wh1Ch 
is stable over time can be provided. 
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OPTICAL FIBER GRATING AND 
MANUFACTURING METHOD THEREOF 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an optical ?ber 
grating and to a manufacturing method therefor. More 
particularly, it relates to an optical ?ber grating Which is loW 
cost and exhibits small changes over time, and to a manu 
facturing method therefor. The present speci?cation is based 
on Japanese Patent Application No. Hei 9-247292, ?led in 
Japan, the contents of Which are incorporated herein by 
reference. 

[0003] 2. Description of the Related Art 

[0004] An optical Waveguide grating has a spatially peri 
odic perturbation of Waveguide structure, formed in a lon 
gitudinal direction of an optical ?ber or of a Planar Light 
Wave Circuit (PLC). 

[0005] This optical Wageguide grating is a device Which is 
capable of making loss of light in a speci?ed Wavelength 
band, by generating couplings betWeen the mutual speci?ed 
modes. Then, having such a characteristic, it may be utiliZed 
as coupling-type devices for the elimination of light for 
speci?ed Wavelength band and as coupling-type devices 
betWeen speci?ed modes. 

[0006] The optical Waveguide grating may be classi?ed 
into a re?ecting type and a radiating type, according to the 
relationship betWeen the coupling modes. 

[0007] Here, let the direction of incidence of light for the 
optical Waveguide be the positive direction, and a direction 
opposite to it, the negative direction. 

[0008] A re?ecting-type optical Waveguide grating has 
been imparted With a characteristic for re?ecting light of 
speci?ed Wavelength, by coupling a mode Which propagates 
through the core in the positive direction and a mode Which 
propagates through the core in the negative direction. 

[0009] A radiating-type optical Waveguide grating has 
been imparted With a characteristic for radiating by coupling 
a mode Which propagates through the core and a mode 
Which propagates through the cladding, so as to obtain the 
characteristic by having the light of speci?ed Wavelength 
Which is radiated to the outside of the Waveguide and then 
attenuated. 

[0010] NoW, the periodic perturbation in the Waveguide 
structure for an optical Waveguide grating may be formed by 
changing the indeX of refraction for the core or the core 
diameter. 

[0011] The most general method of manufacturing an 
optical Waveguide grating is one in Which the indeX of 
refraction of the core is made to change by a phtotorefractive 
effect (sometimes also called the “ photosensitive effect”). 

[0012] The photorefractive effect is a phenomenon 
Whereby, for eXample, When silica glass With germanium as 
the dopant is irradiated With ultraviolet rays in the neigh 
borhood of Wavelength 240 nm, an increase in the indeX of 
refraction is observed for the silica glass. 

[0013] Speci?c description of the optical ?ber Will be 
given concretely as an eXample as folloWs. 
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[0014] FIG. 14 is a diagrammatic con?guration draWing 
Which describes the manufacturing process for a conven 
tional optical ?ber grating. 

[0015] In the draWing, reference symbol 11 represents an 
optical ?ber, and this optical ?ber 11 is composed of the 
central part thereof, core 11a, and a cladding 11b Which is 
provided on the outer circumference of this core 11a. 

[0016] This optical ?ber 11 is, for eXample, an optical ?ber 
Which act as a single mode at a Wavelength of 1.55 pm (the 
“single-mode optical ?ber”). 
[0017] The core 11a is made of silica glass added germa 
nium as a dopant. Germanium is normally added as germa 
nium dioxide to the silica glass. 

[0018] In this eXample, the core 11a is made of silica glass 
containing 5 Wt % germanium dioXide, and the cladding 11b 
is composed of silica glass the purity of Which is effectively 
at about a level in Which the dopant can be ignored (here 
inafter, referred to as “ the pure silica glass”). 

[0019] Hereinafter, pure silica glass or silica glass added 
With a dopant, may at times be referred to as the “the silica 
based glass”. 

[0020] The reference symbol 12 is a phase mask, and this 
phase mask 12 is made of silica glass. Aplurality of gratings 
12a is formed at speci?ed intervals on the one side. 

[0021] The grating part 13 may be formed in the folloWing 
manner: namely, an ultraviolet laser beam of Wavelength 
240 nm from an ultraviolet laser generator (not shoWn) is 
irradiated on the side surface of the optical ?ber 11 via the 
phase mask 12. 

[0022] As ultraviolet ray laser generator, KrF eXcimer 
laser and the like is used. 

[0023] Whereupon, an interference fringe is generated 
from plus ?rst-order diffracted light and minus ?rst—order 
by the gratings 12a of the phase mask 12 from the irradiation 
of the ultraviolet ray laser beam. Then, the indeX of refrac 
tion for the part of the core 11a in Which this interference 
fringe has been generated changes, and as a result, the 
relative refractive index-difference betWeen the core 11a and 
the cladding 11b changes. 

[0024] In this manner, a periodic change in the indeX of 
refraction for the core 11a is formed along the longitudinal 
direction of the optical ?ber 11. Then, a grating part 13 
Which is formed With a periodic change for the relative 
refractive-index difference betWeen the core 11a and the 
cladding 11b is obtained. 

[0025] Here, What determines the characteristic as to the 
optical ?ber grating being either a radiating type or a 
re?ecting type is the grating period, representing the period 
of the change in the indeX of refraction of the core 11a (the 
period of the relative refractive index-difference betWeen the 
core 11a and the cladding 11b). 

[0026] NoW, assume that the propagation constant of the 
mode, Which propagates in the optical ?ber is [31, and the 
propagation constant of the mode to be coupled, is [32. Then 
the difference in the propagation constants betWeen these 
coupling modes, AB, is represented by the folloWing equa 
tion (1): 

A[5=[51—[52 Equation 
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[0027] NoW, grating period A is given by the following 
equation (2), Where: 

A=2n/A[3 Equation 

[0028] Here, the propagation constants [31 and [32 for light 
are taken as being positive in the direction of the incidence 
of light and negative in the direction opposite to that of the 
direction of incidence. 

[0029] The approximate values taken by [31 and [32 are 
roughly equal to 2 at divided by the Wavelength of light 
propagating in the optical ?ber. The orders of magnitude of 
the values are roughly equal to the Wavelength of light in a 
vacuum divided by the index of refraction of the optical 
?ber. 

[0030] For example, the orders of magnitude of the vari 
ous values as a guide are set as folloWs: 

[0031] Wavelength of light (in vacuum): 1.55 pm. 

[0032] 

[0033] 

Index of refraction of optical ?ber: 

approximately 1.5 

[0034] Wavelength of light in optical ?ber (Wavelength in 
the guide): approximately 1 pm. [31 and [32: approximately 
2 at rad/pm. 

[0035] When the grating period A is short, the optical ?ber 
acts as a re?ecting type, and When the grating period is long, 
the optical ?ber grating acts as a radiating type. 

[0036] For this reason, there are cases in Which the re?ect 
ing-type optical ?ber grating Will be called the “short-period 
optical ?ber gratings”, and the radiating-type optical ?ber 
grating Will be called the “long-period optical ?ber grating”. 

[0037] For example, When the grating period A is 0.5 pm, 
the optical ?ber grating used is the re?ecting type. That is, 
a certain mode of light incident from one end of this optical 
?ber grating (optical ?ber 11) couples With the other mode, 
Which proceeds in the core 11a in a direction opposite to that 
of the incident light (the negative direction) and turns into a 
re?ected light. 

[0038] This re?ected light suffers a loss in the outgoing 
light, so that it may be used as a device for imparting a loss 
in a speci?ed Wavelength band. 

[0039] The value of the grating period A of 0.5 pm, at this 
time, corresponds to approximately one half of the Wave 
length of light in the optical ?ber (Wavelength in the guide) 
Which has been indicated as the aforementioned guide. By 
imparting disturbances of such a short period in the longi 
tudinal direction of the optical ?ber 11, an indication is made 
that the light is made to be re?ected in the opposite direction. 

[0040] In contrast to this, the radiating-type optical ?ber 
grating is one for Which the grating period A of Equation (2) 
is long. When the optical ?ber grating is of the radiating 
type, the grating period A is usually from several tens to 
several hundreds of pm. 

[0041] The fact that the grating period A is long, indicates 
that the difference in the propagation constants betWeen 
modes, A[3 Which is involved in the coupling is small, and 
that couplings betWeen tWo modes Which propagate in the 
same direction can be generated. 
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[0042] The mode, Which has a light incident onto this 
optical ?ber grating coupling With the cladding mode, is 
radiated as a radiating light to the outside of the core and is 
attenuated. The light of the mode thus radiated suffers a loss 
in an outgoing light, so that this optical ?ber grating may be 
used as a device for imparting a loss in the speci?ed 
Wavelength band. 

[0043] An example of this re?ecting-type optical ?ber 
grating has been disclosed in Japanese Patent Application, 
First Publication No. Hei 7-283786. 

[0044] In this Publication, disclosure has been made for a 
radiating-type optical ?ber grating, Whereby a laser beam is 
irradiated With a KrF laser through an amplitude mask onto 
an optical ?ber having a core made of silica glass doped With 
germanium, and the optical ?ber grating is formed in Which 
the change in the index of refraction of the grating With a 
period in a range of 50 to 1500 pm has been formed in the 
core of the optical ?ber. 

[0045] HoWever, the folloWing problems existed in the 
conventional art optical ?ber grating. 

[0046] Namely, the combinations of the Wavelengths of 
the light source and the dopant Which is added to the optical 
?ber are restricted. Accordingly, the kinds of light source are 
restricted as Well. 

[0047] Realistically speaking, in the manufacture of opti 
cal ?ber gratings, in order to take advantage of the photo 
refractive effect, the optical ?bers are restricted to those to 
Which germanium has been added to the core, and the 
Wavelengths Which are capable of generating photorefrac 
tive effect in the silica glass doped With germanium has been 
added are restricted to the Wavelengths in the neighborhood 
of 240nm. 

[0048] As laser generators capable of irradiating ultravio 
let laser beam of such Wavelengths, KrF excimer laser, the 
second harmonic of the argon laser With a band at 480 nm 
and the like are included. HoWever, each of these is expen 
sive and is a factor contributing to the increase in the 
manufacturing cost. 

[0049] In addition, the change in the index of refraction for 
the silica glass doped With germanium, obtained by once 
irradiating ultraviolet ray laser beam from KrF excimer laser 
and the like, is of the order of 10'4 to 10'3 and is not so large. 
For this reason, in order to obtain a relatively large change 
in the index of refraction, it is necessary that a given spot be 
irradiated a large number of times With an ultraviolet ray 
laser beam; thus the manufacturing process becomes long. 

[0050] Moreover, since the change in the index of refrac 
tion of the optical ?ber due to the photorefractive effect is 
based on the structural defects of silica glass, the stability is 
not suf?cient. 

[0051] Speci?cally, the change in the index of refraction 
caused to be generated in the silica glass doped With 
germanium, exhibits a conspicuous change Within several 
hours, under the condition of high temperature environment 
of 200° C. or higher. Also it has been knoWn that a 
substantial reduction of the change in the index of refraction 
takes place at temperatures exceeding 300° C. 

SUMMARY OF THE INVENTION 

[0052] It is an object of the present invention to provide an 
optical ?ber grating Which has high manufacturing ef? 
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ciency, Without requiring expensive equipment, and to pro 
vide a manufacturing method. 

[0053] It is another object of the present invention to 
provide an optical ?ber grating Which exhibits stable grating 
characteristics over time and to provide a manufacturing 
method therefor. 

[0054] In order to achieve these objects, in the present 
invention, a preform Which has softening temperature of its 
core is heated to a temperature higher than the softening 
temperature of the cladding. The optical ?ber provided With 
a core, having residual stress Which has been obtained by 
draWing, is intermittently heated, the cladding in the periph 
ery of this core is softened, and the index of refraction of the 
core is changed from releasing the residual stress, so as to 
obtain the optical ?ber grating by forming a periodic change 
in the relative refractive index-difference of the core and the 
cladding in the longitudinal direction of the optical ?ber. 

[0055] For the present invention, the folloWing effects are 
obtained. 

[0056] Namely, since the heating means for forming the 
grating part is not restricted to the Wavelength of the laser 
beam concerned, instead of expensive equipment such as 
excimer lasers, relatively inexpensive carbon dioxide gas 
lasers and the like may be used. 

[0057] Furthermore, since the laser poWer required for 
softening the cladding is relatively small, the stress of the 
core is released so that the index of refraction can be 
increased, even though the number of scans traversing the 
optical ?ber may be small. 

[0058] Consequently, the cost of the manufacturing equip 
ment is loW, the manufacturing time is short, the operation 
is simple, and manufacturing ef?ciency is superior. For these 
reasons, reduction in cost can be obtained. 

[0059] Since the periodic changes for the index of refrac 
tion of the core (spatially periodic changes for the relative 
refractive index-difference betWeen the core and the clad 
ding) of this optical ?ber grating is of structural nature, there 
is little change With respect to the passage of time, an optical 
?ber grating Which is stable over a long period of time is 
obtained. 

[0060] The optical ?ber grating of the present invention is 
capable of ?attening the Wavelength dependence of optical 
devices, for example such as light source, photodetector, 
light ampli?er, optical ?ber and the like Which have Wave 
length dependence in the gain- Wavelength characteristic, so 
that it can be used in various optical communication sys 
tems. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0061] The present invention Will be described in detail 
With reference to the accompanying draWings in Which: 

[0062] FIG. 1 is a perspective vieW shoWing the draWing 
process for the present invention; 

[0063] FIG. 2 is an illustrative diagram shoWing an 
enlarged vieW of the optical ?ber part in the inside of the 
heating element of a heating furnace, shoWn in FIG. 1; 

[0064] FIG. 3 is an illustrative diagram shoWing an 
enlarged vieW of the optical ?ber on the outside of the 
heating element of a heating furnace, shoWn in FIG. 1; 
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[0065] FIG. 4 is an illustrative diagram for the tensile 
stress inside the core of the optical ?ber part and the 
compressive stress inside the cladding; 

[0066] FIG. 5 is a graph shoWing the relation betWeen the 
temperature and viscosity for pure silica glass, silica glass 
doped With 3 Wt % ?uorine and germanium dioxide; 

[0067] FIG. 6: FIG. 6A is a diagrammatic construction 
draWing shoWing the construction of the forming equipment 
for the grating part, and FIG. 6B is an illustrative diagram 
shoWing the scanning operation of the laser beam; 

[0068] FIG. 7 is a graph schematically shoWing the 
change in the relative refractive-index difference, in the 
longitudinal direction of the grating part of the optical ?ber 
grating obtained by an embodiment for manufacturing of the 
present invention; 

[0069] FIG. 8 is an illustrative diagram schematically 
shoWing the operation of the optical ?ber grating obtained 
by an embodiment for manufacturing of the present inven 
tion; 
[0070] FIG. 9 is a graph shoWing the Wavelength-trans 
mission loss characteristic of the optical ?ber grating 
obtained by an embodiment for manufacturing of the present 
invention; 
[0071] FIG. 10 is a diagrammatic construction draWing 
shoWing an example of the optical ?ber communication 
system, using a light ampli?er Which utiliZes the optical ?ber 
grating of the present invention; 

[0072] FIG. 11 is a graph shoWing the gain-Wavelength 
characteristic of the erbium doped optical ?ber ampli?er; 

[0073] FIG. 12 is a graph shoWing the gain-Wavelength 
characteristic of the optical ?ber grating; 

[0074] FIG. 13 is a graph shoWing the gain-Wavelength 
characteristic of an optical communication system obtained, 
When a light ampli?er and the optical ?ber grating is 
combined; and 

[0075] FIG. 14 is a diagrammatic construction draWing 
describing the manufacturing process of the prior art optical 
?ber grating. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0076] The optical ?ber grating of the present invention 
Will be described in detail, folloWing its manufacturing 
processes, as folloWs. 

[0077] The processes for the optical ?ber grating of the 
present invention consists of the process for the draWing of 
optical ?ber for obtaining the optical ?ber provided With a 
core having residual stress, and a forming process for 
forming the grating part Which forms the grating part on this 
optical ?ber. 

[0078] (1)Process of Optical Fiber DraWing 

[0079] First, the optical ?ber used in the optical ?ber 
grating of the present invention is produced. 

[0080] This optical ?ber has stress remaining selectively, 
mainly in the interior of the core, and moreover has such a 
characteristic that by heating, this stress is relaxed and 
released. 



US 2001/0019643 A1 

[0081] Such an optical ?ber can be manufactured, for 
example through heating a preform (base material for the 
?ber) and drawing to produce an optical ?ber, by taking 
advantage of the difference in temperatures betWeen the 
softening temperature of the core and the softening tem 
perature of the cladding, and by having the core in a melted 
state solidify before of the cladding and having the tensile 
stress from the draWing remain selectively behind in the 
interior of the core. 

[0082] Concrete descriptions are given as folloWs. 

[0083] First, a preform is prepared. 

[0084] This preform consists of a cylindrical core at its 
center and a cladding Which is provided at the outer cir 
cumference. 

[0085] Then the index of refraction of the material con 
stituting the core is higher than that of the material consti 
tuting the cladding. And also the softing temperature of the 
material constituting the core is higher than that of the 
material constituting the cladding. 

[0086] In addition, the ratio of the core diameter to the 
cladding outer diameter of this preform is preferably so set, 
as to obtain the optical ?ber after the draWing to be a 
single-mode optical ?ber. In other Words, the optical ?ber 
used in the optical ?ber grating for the present invention is 
desirably a single-mode optical ?ber. 

[0087] In actuality, the optical ?ber grating of the present 
invention can be formed even if the optical ?ber is a 
multi-mode optical ?ber. 

[0088] HoWever, the single-mode optical ?ber has a suf 
?ciently large cross-sectional area of the cladding, With 
respect to the cross-sectional area of the core, so that it is 
suitable for having the stress remain selectively behind in 
the core, as is later described. 

[0089] The conditions related to the indices of refraction 
are those conditions for having the optical ?ber operate With 
the core serving as a Waveguide. 

[0090] Conditions related to the softening temperatures 
are those conditions at the time of heating the preform and 
draWing, for making it into an optical ?ber, for solidifying 
the core in a melted state, before the cladding. 

[0091] Details Will be described later; hoWever, What 
becomes the guide for the solidi?cation of this core and 
cladding is the glass transition point. The relation for the 
glass transition points in the core and cladding folloWs the 
relation of the aforementioned softening temperature, if the 
cooling state (measurement conditions) is constant. That is, 
since the softening temperature of the cladding is loWer than 
the softening temperature of the core, in the draWing pro 
cess, the glass transition point of the cladding has been set 
so as to be loWer than the glass transition point of the core. 

[0092] Also this condition on softening temperature is a 
necessary condition in the forming process of the grating 
part, Which is also described later. 

[0093] NoW, it has been knoWn that by adding dopants, 
generally the softening temperature of silica glass is 
decreased shapely. 

[0094] Consequently, in order to obtain a temperature 
difference (the temperature difference of glass transition 
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points) required for the softening temperature, it is necessary 
that the added amount of the dopant for the core be Zero or 
small, and that the added amount of the dopant for the 
cladding be relatively large. 
[0095] As Was previously mentioned, it is necessary that 
the index of refraction of the core be designed higher than 
the index of refraction of the cladding. 

[0096] For this reason, the dopant added to the core for 
this purpose is generally germanium or the like. Germanium 
possesses an action of raising the index of refraction of the 
silica glass. 
[0097] It is essential that the dopant added to the cladding 
have such a characteristic that it loWers the index of refrac 
tion of the silica glass. Such a dopant is limited to either 
?uorine or boron. 

[0098] In the present invention, as Was mentioned above, 
addition of a dopant With respect to the core is not indis 
pensable. Even if it is added, for example in the case of 
germanium, the amount is small at less than or equal to 1 Wt 
%. Rather, from the relation With the transition point of the 
cladding, it is common to form the core from silica glass to 
Which dopant has not been added. 

[0099] The amount added as a dopant for the cladding is, 
for example in the case of ?uorine, at a level in the range of 
1 to 3 mol % (0.3 to 1 Wt %). 

[0100] In actuality, adjustments are appropriately made for 
the conditions for manufacturing, including the material 
compositions for the core and cladding of these preforms, 
the temperature of the drawing process, the tension of the 
draWing (the speed of draWing) and the like, so as to obtain 
the required temperature difference for the transition points 
of the glass (the softening temperatures), and to obtain the 
desired relative refractive index-difference betWeen the core 
and the cladding by the stress left selectivity in the core. 

[0101] In this example, the core for example, is formed 
from such pure silica glass that for all practical purposes, 
impurities can be ignored, and a preform is used Which is 
formed from silica glass added ?uorine (hereinafter, this 
may at times be referred to as the silica glass doped With 
?uorine ) to Which 1 mol % of ?uorine has been added to the 
cladding as the dopant. 

[0102] As mentioned above, the silica glass doped With 
?uorine has an index of refraction Which is loWer than that 
of pure silica glass, and moreover its softening temperature 
becomes loWer than that of pure silica glass. 

[0103] For example, in the silica glass doped With ?uorine 
to Which ?uorine has been added so as to reduce its index of 
refraction by approximately 0.3%, in comparison to that of 
pure silica glass, the softening temperature is decreased by 
roughly 100° C. 

[0104] Then, as stated above, since the relation of the glass 
transition point folloWs the relation for the softening tem 
perature, the glass transition point of the silica glass doped 
With ?uorine becomes loWer than the transition point of pure 
silica glass. 
[0105] In this example, the relative refractive index-dif 
ference betWeen the core and the cladding of the preform is 
about 0.35%. 

[0106] Also the softening temperature of the core is about 
1600° C., and the softening temperature of the cladding is 
about 1400° C . 
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[0107] The core diameter of the preform is 3.5 mm, and 
the outer diameter of the cladding (the outer diameter of the 
preform) is 50 mm, so as to enable a single-mode optical 
?ber to be obtained from this preform. That is, With respect 
to the core diameter, the outer diameter of the cladding is 
about 14 times as large and is thus sufficiently large. 

[0108] FIG. 1 is a diagrammatic draWing shoWing the 
draWing process of the optical ?ber, and the reference 
symbol 1 represents a preform and 2 is a heating furnace 
heating unit. 

[0109] This preform 1 is inserted through a heating ele 
ment of heating furnace 2 from the upper direction and is 
draWn With a draWing tension S of 100 g or so, While for 
example, being heated at 1950° C. Thereupon, the preform 
1 is reduced in diameter in the doWnWard direction, and a 
conical neck doWn part 1a is formed. Then an optical ?ber 
part 3 Which is draWn is formed folloWing this and becomes 
an optical ?ber 4. 

[0110] FIG. 2 is a diagram shoWing an enlarged vieW of 
the optical ?ber part 3, at the inside of the heating element 
of heating furnace 2 of FIG. 1. 

[0111] Since the temperature is suf?ciently high in the 
inside of the heating element of heating surface 2,3 both the 
core 1b and cladding 1c have fused at a suf?ciently loW 
viscosity. Then the diameters of both of these core 1b and 
cladding 1c are gradually narroWed by the draWing tension 
S in the doWnWard direction. 

[0112] Next, as shoWn in FIG. 3, the diameter of the 
optical ?ber part 3 Which has been draWn out of the outside 
of the heating furnace heating unit 2, is further narroWed, 
and its temperature is abruptly decreased. 

[0113] At this time, since the glass transition point of the 
core 1b is higher than the glass transition point of the 
cladding 1c, the core 1b solidi?es ahead of the cladding 1c, 
Whereby its viscosity increases. As a result of this, the core 
1b reaches such a viscosity that it behaves as an elastic body 
rather than a so-called viscous body. 

[0114] The borderline temperature of the point at Which a 
glass behaves either as a fused state or a solid (elastic body) 
is the glass transition point (Tg) and is considered to be the 
temperature at Which the viscosity of ordinary glass 
becomes 1013'5 poises. 

[0115] FIG. 5 is a graph shoWing the relation betWeen the 
temperature and the viscosity. 

[0116] A broken line g shoWs the viscosity level of 1013'5 
poises, Which serves as a reference for the glass transition 
point. Straight lines A, B and C respectively shoW the 
characteristics of a pure silica glass, a silica doped With 3 Wt 
% ?uorine, and germanium dioxide. 

[0117] As can be seen from this graph, in comparison to 
that of pure silica glass, the glass transition point of the silica 
glass doped With ?uorine is loWer. Furthermore, germanium 
dioxide Which is a typical dopant has a glass transition point 
substantially loWer than that of pure silica glass. Conse 
quently, it can be seen that an addition of a dopant can cause 
the glass transition point to be reduced. 

[0118] Hereinafter, the transition point of the core 1b is 
designated as Tg core, and the glass transition point of the 
cladding 1c is designated as Tg clad. 
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[0119] That is, When the temperature of the optical ?ber 
part 3 is loWer than that of Tg core and higher than Tg clad, 
the core 1b solidi?es and behaves as an elastic body. On the 
one hand, the cladding 1c is still in a fused state in Which the 
viscosity is loWer than that of the core 1b. 

[0120] In short, as shoWn in FIG. 3, While on the one hand 
the clad 1c is elongated in the fused state, the draWing 
tension S applied on the core 1b draWs the core 1b as an 
elastic body. For this reason, the core 1b is elongated 
elastically and is in a state being applied With a draWing 
stress (elastic strain), indicated by an arroW inside the core 
1b. 

[0121] In this Way, the optical ?ber part 3 proceeds in the 
doWnWard direction for some time until the cladding 1c 
solidi?es, still being applied by the core 1b for Which the 
draWing tension S behaves as an elastic body. 

[0122] Further, as the optical ?ber part 3 proceeds doWn 
Ward, its temperature becomes loWer than Tg clad. There 
upon, the cladding 1c solidi?es, While the core 1b is still 
being applied by the draWing tension, and the optical ?ber 
4 Which has been adjusted to a speci?ed diameter is 
obtained. 

[0123] In other Words, the draWing tension applied to the 
core 1b turns into a state in Which it has been held by the 
solidi?cation of the cladding 1c. 

[0124] Then this draWing tension, because of the cross 
sectional area of the cladding 1c being overWhelmingly 
larger in comparison to the cross-sectional area of the core 
1b, selectively remains in the core 1b, While being hardly 
affected by the cladding 1c. 

[0125] Strictly speaking, as shoWn in FIG. 4, the cladding 
1c; indeed receives a compressive stress indicated by an 
arroW inside of the cladding 1c as a reaction to the tensile 
stress indicated by an arroW in the core 1b. HoWever, since 
the cross-sectional area of the cladding 1c is suf?ciently 
large in comparison to the cross-sectional area of the core 1b 
, the value of the compressive stress is small and its effects 
are at a negligible level. 

[0126] In this manner, by having it draWn in a state in 
Which the viscosity of the core 1b is higher than the viscosity 
of the cladding 1c, the optical ?ber 4 provided With a core 
1b Which possesses residual stress (tensile stress) can be 
obtained. 

[0127] An example of the characteristics for the optical 
?ber 4 obtained With this example is shoWn in Table 1. 

TABLE 1 

125 ,um 
Approx. 10 ,um 
Approx. 0.25% 

Fiber diameter 
Core diameter 
Relative refractive-index 
difference between core 

and cladding 
Core composition 
Cladding composition 

Pure silica glass 
Silica glass doped With 
fluorine 

Mode ?eld diameter Approx. 11 ,um 
Cut-off Wavelength 1.15 ,urn 

[0128] As shoWn in Table 1, the relative refractive index 
difference betWeen the core 1b and the cladding 1c decreases 
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to a value Which is lower than that of the preform 1, due to 
the effects of the residual stress. 

[0129] In this example, in contrast to the relative refractive 
index-difference for the preform 1 of 0.35%, the relative 
refractive index-difference for the optical ?ber 4 obtained 
from this is 0.25%. 

[0130] (2)Process for Forming the Grating Part 

[0131] An optical ?ber grating is produced by forming a 
grating part on the optical ?ber 4 obtained as described 
above. 

[0132] FIG. 6A is a diagrammatic construction draWing 
shoWing a heating device 6 Which forms the grating part. 

[0133] This heating device 6 is composed of a laser 
generator 6a, a movable mirror 6b, a lens 6c and a laser 
beam scanning device 6d. 

[0134] That is, a laser beam 7 Which is generated from the 
laser beam generator 6a is controlled in its direction by the 
movable mirror 6b such as a re?ecting mirror, a lens and the 
like, and is further converged to a laser beam diameter in a 
range of several tens to several hundreds of pm at lens 6c, 
so as to be scanned by the laser beam scanning device 6d. 

[0135] The optical ?ber 4 is ?xed by a ?ber clamp, not 
shoWn, and is arranged together With this ?ber clamp on a 
?ne tuning table Which is pulse motor driven. Then it is so 
arranged that it can be moved along its longitudinal direction 
by this ?ne tuning table. 

[0136] Speci?cally, ?rst the optical ?ber 4 is ?xed to the 
?ber clamp (not shoWn), and the optical ?ber 4 together With 
the ?ber clamp to Which it has been ?xed thereWith is 
arranged on the ?ne tuning table (not shoWn) by pulse motor 
drive. 

[0137] Next, as shoWn by a broken-line arroW in FIG. 6B, 
by the laser scanning device 6d, the laser beam 7 is scanned 
from the exterior side surface of the optical ?ber 4, so as to 
be scanned traversing the optical ?ber 4 in a direction 
perpendicular to the longitudinal direction of this optical 
?ber 4. 

[0138] At this time, the optical ?ber 4 is heated to a 
temperature at least equal to or higher than the softening 
temperature of the cladding 1c. Speci?cally, it is preferable 
to heat the optical ?ber beyond the glass transition point (Tg 
clad) of the cladding 1c, so as to obtain suf?cient softness. 
HoWever, the temperature is to be such that the core 1b does 
not soften excessively. 

[0139] Under normal conditions, this heating temperature 
is set in the range of 1100 to 1700° C. 

[0140] This heating temperature may be adjusted by 
changing the scan speed of the laser beam 7. In the actual 
manufacturing, preliminary experiments are preferably con 
ducted at various scan speeds, so as to ?nd, in advance, a 
suitable scan speed Which is capable of softening the clad 
ding 1c. 

[0141] Although ordinarily the number of scans (the num 
ber of traversals over the optical ?ber 4) is set to be in the 
range of one to ten times, it is preferable to adjust the scan 
speed so that the cladding 1c can be softened With one to tWo 
scans. 
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[0142] The stress Which has been detained by the cladding 
1c and has stayed behind in the core 1b is released, mainly 
due to the softening of the cladding 1c from this heating and 
the disappearance of the detaining force. As a result, a stress 
released part 1a' is formed. 

[0143] In this Way, by heating the optical ?ber 4, the core 
1b for Which the softening temperature is higher than that of 
the cladding 1c, has its residual stress released in a state in 
Which its form is suf?ciently maintained. 

[0144] Thereupon, the index of refraction of the core 1b is 
increased in this released part 1d. 

[0145] Then When the scanning of the laser beam 7 has 
been completed, the temperature of the optical ?ber 4 
decreases and the cladding 1c of the stress released part 1d 
re-solidi?es. 

[0146] Both the core 1b and the cladding 1c are made of 
silica glass, and the values of the coef?cients of thermal 
expansion of these are at comparable levels. Consequently, 
When the temperature of the optical ?ber 4 decreases and the 
cladding 1c solidi?es, unless a stress Which is external to the 
optical ?ber 4 is added, both the core 1b and the cladding 1c 
are in states in Which there is hardly any strain due to stress. 

[0147] Next, as shoWn in FIG. 6A, by moving the ?ne 
tuning table, the optical ?ber 4 can be moved by a distance 
corresponding to a speci?ed single period of the grating in 
its longitudinal direction, and the laser beam 7 is made to 
scan, as shoWn again in FIG. 6B, to form the second stress 
released part 1d. 

[0148] By periodically repeating the aforementioned 
operation With a speci?ed period, a plurality of stress 
released parts 1d are formed intermittently at speci?ed 
grating periods. 
[0149] In the stress released parts 1d provided at speci?ed 
intervals in the core 1b, the index of refraction of the core 
1b is changing periodically. As a result of this, a grating part 
5 is so constituted Which caused the generation of ?uctuation 
in the relative refractive-index difference betWeen the peri 
odic core 1b and the cladding 1c, in the longitudinal direc 
tion of the optical ?ber 4. 

[0150] Since the grating period of this optical ?ber grating 
forms the stress released parts 1d by local heating, normally 
it is set in the range of 200 to 2000 pm. Consequently, the 
optical ?ber grating of the present invention is one Which 
may be suitably applied to the radiating type. 

[0151] Further, in the present invention, the grating period 
may have its period precisely constant or approximately 
constant. When the period is approximately constant, the 
variation in this period is to be of 115% level. 

[0152] In addition, in this example, the laser beam 7 Was 
scanned by having the irradiating position of the laser beam 
7 move, so as to traverse the optical ?ber 4 in the laser 
scanning device 6d. In addition to this, the laser beam 7 may 
also be scanned by ?xing the irradiating position of the laser 
beam 7 and have the optical ?ber 4 move in a direction 
orthogonal With respect to its longitudinal direction by the 
?ne tuning table. 

[0153] Further, in this example, after having formed a 
single stress released part 1d, in the formation of the 
adjacent stress released part 1d, although the optical ?ber 4 
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has been moved together With the ?ne tuning table in its 
longitudinal direction, the irradiating position of the laser 
beam 7 may be moved in the longitudinal direction of the 
optical ?ber 4. 

[0154] In other Words, by changing the angle of the 
movable mirror 6b, it is also possible to scan the laser beam 
7 or to move the irradiating position of the laser beam 7, in 
the longitudinal direction of the optical ?ber 4. 

[0155] Manufacturing Examples 
[0156] Speci?c manufacturing examples in this formation 
process for the grating are described as folloWs. 

[0157] For the optical ?ber 4, one having the characteris 
tics shoWn in Table 1 Was used. 

[0158] For the laser generator 6a, a carbon dioxide gas 
laser Was used. 

[0159] The output of the laser generator 6a (carbon diox 
ide gas laser) Was approximately 3 W at the maximum. 

[0160] The stress released parts 1d Were formed by con 
trolling the direction of this laser beam 7 via the movable 
mirror 6b, converging the beam diameter to approximately 
200 pm level by the lens 6c, furthermore scanning ?ve times 
in a direction orthogonal With respect to the longitudinal 
direction of the optical ?ber 4 by the laser beam scanning 
device 6d. 

[0161] At this time, the heating temperature of the optical 
?ber 4 Was adjusted by having the scan speed of the laser 
beam scanning device 6d changed experimentally in 
advance, making the laser beam 7 to be scanned in a manner 
similar to the present embodiment and observing the soft 
ening state of the cladding 1c of the optical ?ber 4, and 
?nding the scan speed condition Which is capable of suf? 
ciently softening the cladding 1c. 

[0162] Moreover, the length of the one stress release part 
1d along the longitudinal direction of the optical ?ber 4 has 
been set to approximately 200 pm, similar to the beam 
diameter Which converged in the lens 6c of the laser beam 
7. 

[0163] Next, the irradiating position of the laser beam 7 
Was moved by only the length, corresponding to one period 
portion of the grating period in the direction of the optical 
?ber 4 (approximately 400 pm), and the next stress released 
part 1a' which is adjacent to the stress release part 1d. 

[0164] In the present embodiment, the forming operation 
of this stress release part id Was periodically repeated With 
the grating period of approximately 400 pm, along the 
longitudinal direction of the optical ?ber 4. 

[0165] Then the grating part 5 Was formed Within a range 
of 10 mm in the longitudinal direction of the optical ?ber 4. 

[0166] The length of this grating part 5 (10 mm) is referred 
to as a grating length. 

[0167] The index of refraction of the core 1b is increased 
locally, in the stress released parts 1d. As a result of this, the 
relative refractive index-difference betWeen the core 1b and 
the cladding 1c became approximately 0.35% level. 

[0168] FIG. 7 is a graph schematically shoWing the 
change in the relative refractive-index difference of this 
grating part 5 in the longitudinal direction of the optical ?ber 
4. 
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[0169] As shoWn in this graph, the grating part 5 could be 
formed for Which the relative refractive index-difference 
mutually changes periodically from 0.25% to 0.35%, by 
having the index of refraction of the core 1b change peri 
odically. 

[0170] FIG. 8 is an illustrative diagram schematically 
shoWing the operation of this optical ?ber grating. 

[0171] The grating period of this optical ?ber grating is 
approximately 400 pm, and since its period is long, it 
operates as a radiating-type optical ?ber grating. 

[0172] Namely, a speci?ed mode of the incident light 
couples With the radiated light (cladding mode) Which 
propagates through the cladding 1c, in the grating part 5 and 
is quickly attenuated. As a result of this, an outgoing light, 
Which has lost the light of the Wavelength band coupled to 
the cladding mode, is obtained. 

[0173] FIG. 9 is a graph shoWing the Wavelength-trans 
mission loss characteristic of this optical ?ber grating. 

[0174] As this graph shoWs, transmission loss of light in 
the speci?ed Wavelength band has become selectively large. 

[0175] The Width of a Wavelength region in Which the 
transmission loss increases is called a “rejection band 
Width”, its Wavelength at the center, “the central Wave 
length”, and the siZe of the change for the transmission loss 
the, “rejection”, respectively. 

[0176] In the present embodiment, a central Wavelength of 
1555 nm, a rejection bandWidth of approximately 14 nm, 
and a rejection peak value of approximately 3 dB could be 
obtained. 

[0177] In the present embodiment, a carbon dioxide gas 
laser Was used as the laser generator 6a. 

[0178] For the laser generator 6a, it is suf?cient if it is 
capable of heating at least the optical ?ber 4 to higher than 
or equal to the softening temperature of the cladding 1c, and 
While there is no particular restriction, a small-siZed carbon 
dioxide laser may be suitably used. 

[0179] Included in the other means of heating (laser gen 
erator 6a) Which can be used means Which can locally heat, 
such as YAG laser, those utiliZing arc discharge and the like. 

[0180] Arc discharge is a means used in fusion splicing 
connector of the optical ?bers, and this may be diverted. 
Included as speci?c conditions for the case using an arc 
discharge are, for example, a distance betWeen the discharge 
electrodes of 2 mm, frequency of the high frequency to be 
applied of 140 kHZ, the voltage betWeen the discharge 
electrodes at the time of initiating the discharge of approxi 
mately 10,000 volts, and approximately 100,000 volt level 
during the discharge. 

[0181] Heating means Which utiliZe the carbon dioxide gas 
laser, YAG laser and arc discharge are relatively inexpensive 
if they are of loW output, and it is also an advantage of the 
present invention that an inexpensive heating means such as 
this can be used. 

[0182] In particular, a laser beam having a standard oscil 
lating Wavelength of 10.6 pm for the carbon dioxide gas 
laser has a very high absorptivity for the silica based glass, 
and With the irradiation of the laser beam, this silica based 
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glass becomes an opaque body. Consequently,. carbon diox 
ide laser is suited to local heating of the optical ?ber 4. 

[0183] In addition, since the temperature at Which ordi 
nary cladding 1c suf?ciently softens is, for example, at a 
level in the range of 1350° C. to 1700° C., When a carbon 
dioxide gas laser is used, the poWer required is extremely 
small. 

[0184] For example, When the laser beam exiting from this 
carbon dioxide gas laser is directly irradiated on an optical 
?ber composed of a standard silica based glass of diameter 
125 pm, the laser poWer required for heating this optical 
?ber for a length Which spans a level of 200 pm, from room 
temperature to 1500° C., is less than or equal to several 
hundred mW level. 

[0185] HoWever, similarly to the heating device 6 shoWn 
in FIG. 6A, the laser poWer decreases to some extent by 
traveling through the movable mirror 6b and the lens 6c. 

[0186] Further, by scanning the laser beam 7, effective 
irradiation time per unit surface area of the optical ?ber 4 
becomes short. 

[0187] For this reason, if the laser poWer is set to a level 
in the range of several W to 10 W for the carbon dioxide gas 
laser used, the optical ?ber 4 may be heated and the stress 
released parts Id may be formed Which have a comparable 
leeWay. 

[0188] Moreover, although it is expensive, it is also pos 
sible to use an excimer laser such as KrF excimer laser 
Which are used in the manufacture of optical ?ber grating, 
utiliZing the conventional photoreactive effect. 

[0189] In the prior art manufacturing method of the optical 
?ber grating, its core uses an optical ?ber made of silica 
glass doped With germanium and by irradiating this With an 
ultraviolet laser beam in the neighborhood of the Wavelength 
of 240 nm from KrF excimer laser and the like, the index of 
refraction of the core is increased. 

[0190] HoWever, When used as the laser generator 6a of 
the present invention, the KrF excimer laser is used as one 
not for increasing the index of refraction of the core 1b, but 
merely as a heating means. 

[0191] That is, in this example, either germanium has not 
been added or even if it has been added as a dopant to the 
core 1b, the amount is small. So that even if an ultraviolet 
laser beam is irradiated by the excimer laser, there is no 
occasion for the occurrence of increase in the index of 
refraction of the core 1b. 

[0192] In this Way, since the laser beam 7 has no Wave 
length dependence, it is also possible to use excimer lasers 
other than the KrF excimer laser. 

[0193] In this Way, in the manufacture of the aforemen 
tioned optical ?ber grating, the laser generator 6a used as the 
heating means is not limited in the Wavelength of its lasers. 
For this reason, relatively inexpensive carbon gas lasers and 
the like may be used, Without employing expensive equip 
ment such as excimer lasers. 

[0194] Further, since the laser poWer required for soften 
ing the cladding 1c is comparatively small, by adjusting the 
scan speed of the laser beam, it is suf?cient to have the laser 
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beam 7 scan relatively feW number of times traversing 
across the optical ?ber 4, in order to form a single stress 
released part 1d. 

[0195] Therefore, loW cost equipment, short manufactur 
ing time, simple operation, and superior manufacturing 
ef?ciency are obtained. As a result, cost reduction can be 
obtained. 

[0196] In addition, since the change in the index of refrac 
tion of the core 1b is structural in the stress released parts 1d, 
changes over time are small, so that a stable optical ?ber 
grating may be obtained. 

[0197] The optical ?ber grating of the present invention 
may be used to ?atten the Wavelength dependence Which 
optical devices have, such as light source, photodetector, 
light ampli?er, optical ?ber and the like. 

[0198] When the gain-Wavelength characteristic of light 
Which passed through these optical devices has a Wavelength 
dependence, the Wavelength dependence can be made small 
by having a light of Wavelength With a particularly large gain 
lose light With the use of the optical ?ber grating, thereby 
?attening it. 

[0199] For example, ?attening of such gain-Wavelength 
characteristic is effective When making Wavelength division 
multiplexing transmission, in an optical ?ber communica 
tion system having a light ampli?er. 

[0200] Such an optical communication system has a basic 
construction consisting of a light source, an optical ?ber 
transmission path connected thereto, a light ampli?er 
inserted into this optical ?ber transmission path and a 
photodetector Which detects the outgoing light from the 
optical ?ber transmission path. 

[0201] Then, in order to make the Wavelength character 
istic (Wavelength dependence), Which the optical devices 
(light source, photodetector, light ampli?er and optical ?ber) 
constituting the optical communication system composed of 
this basic construction, have the desired Wavelength char 
acteristic, an optical ?ber grating is used, While being 
inserted into an optical ?ber transmission path. 

[0202] FIG. 10 is a diagrammatic construction draWing 
shoWing an example of the optical communication system 
Which utiliZes the optical ?ber grating of the present inven 
tion. In the ?gure, the reference symbol 8 is a light ampli?er, 
and reference symbol 9 is the optical ?ber grating of the 
present invention. These are connected to a light source (not 
shoWn) at their incidence sides and is inserted into an optical 
?ber transmission path to the outgoing sides of Which are 
connected a light detector (not shoWn), thereby constructing 
this optical ?ber communication system. 

[0203] At present, an erbium doped optical ?ber ampli?er 
is often used for the light ampli?er 8. FIG. 11 is a graph 
shoWing an example of the gain-Wavelength characteristic 
for the erbium doped optical ?ber ampli?er. 

[0204] FIG. 12 is a graph shoWing an example of the 
gain-Wavelength characteristic for an optical ?ber grating 9. 

[0205] FIG. 13 is a graph shoWing an example of the 
gain-Wavelength characteristic Which is obtainable When 
these light ampli?er 8 and optical ?ber grating 9 are com 
bined. 
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[0206] From FIG. 11, it can be seen that gain peaks exist 
in the neighborhoods of the Wavelengths 1535 nm and 1558 
nm and that they are Wavelength dependent. 

[0207] When Wavelength division multiplexing transmis 
sion is conducted Which transmits light of a plurality of 
Wavelengths at the same time, using such a light ampli?er 8, 
for example, a light of Wavelength in the range of 10 Waves 
to several tens of Waves, of the range of 1 to 2 nm intervals 
is transmitted in parallel simultaneously. For this reason, 
normally the Wavelength region Which is transmitted simul 
taneously exceeds 10 nm, and it is necessary to have a ?at 
ampli?cation Wavelength characteristic in this Wavelength 
region. 

[0208] Here, as shoWn in FIG. 12, by combining With the 
optical ?ber grating 9 having effective loss in the neighbor 
hood of the Wavelength 1558 nm, the gain may be ?attened, 
as shoWn in FIG. 13. As a result of this, it is possible to 
construct an optical communication system comprising of a 
light ampli?er With an extremely high degree of Wavelength 
?attening. 
[0209] When a gain-Wavelength characteristic relation 
Was measured With an optical ?ber grating obtained by the 
manufacturing embodiment Which Was inserted into such an 
optical communication system, it Was con?rmed that a 
Wavelength ?at region such as the one indicated in FIG. 13 
can be obtained. 

[0210] The optical ?ber grating of the present invention is 
not limited to the light ampli?er illustrated as an example 
here but can be used in various optical communication 
systems, for the purpose of ?attening the Wavelength depen 
dence for such optical devices as light source, photodetector, 
light ampli?er, optical ?ber and the like have. 

What is claimed is: 
1. A manufacturing method for an optical ?ber grating 

comprising the steps of: 

heating intermittently, With a speci?ed spatial period in 
the longitudinal direction, an optical ?ber provided 
With a core having residual stress; 

softening a cladding in the neighborhood of the core; and 

forming periodic changes for the relative refractive-index 
difference betWeen said core and said cladding, in the 
longitudinal direction of said optical ?ber, by releasing 
said residual stress to change the index of refraction of 
the core. 
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2. The manufacturing method for an optical ?ber grating 
according to claim 1, Wherein a preform is heated so that the 
softening temperature of the core is higher than the softening 
temperature of the cladding, and said optical ?ber is manu 
factured by draWing. 

3. The manufacturing method for an optical ?ber grating 
according to claim 1, Wherein said core is composed of pure 
silica glass, and said cladding is composed of silica glass 
doped With ?uorine. 

4. The manufacturing method for an optical ?ber grating 
according to claim 1, Wherein said optical ?ber is a single 
mode optical ?ber. 

5. The manufacturing method for an optical ?ber grating 
according to claim 1, Wherein a carbon dioxide laser is used 
as a heating means for heating the optical ?ber. 

6. The manufacturing method for an optical ?ber grating 
according to claim 1, Wherein said optical ?ber grating has 
a period of periodic change in said relative refractive index 
difference in the range of 200 to 2000 pm. 

7. An optical ?ber grating formed by making stress 
released parts With periodically released residual stress, in 
the longitudinal direction of an optical ?ber, provided With 
a core having said residual stress. 

8. The optical ?ber grating according to claim 7, Wherein 
said optical ?ber has a core Which is composed of pure silica 
glass and a cladding Which is composed of silica glass doped 
With ?uorine. 

9. The optical ?ber grating according to claim 7, Wherein 
said optical ?ber is a single-mode optical ?ber. 

10. The optical ?ber grating according to claim 7, Wherein 
said optical ?ber grating has a grating period in the range of 
200 to 2000 pm. 

11. An optical ?ber communication system comprising 
the optical ?ber grating according to claim 7. 

12. The optical ?ber communication system according to 
claim 11, Wherein said optical ?ber communication system 
comprises a light source; an optical ?ber transmission path 
connected thereto; a light ampli?er, the optical ?ber grating 
and a photodetector for detecting an outgoing light from said 
optical ?ber communication path; the light ampli?er and the 
optical ?ber grating being inserted into the optical ?ber 
transmission path. 


