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(57) ABSTRACT 

After a wide-band DCF is wound around a bobbin to form 
an optical fiber coil 32, the latter is removed from the bobbin 
and placed into a bundle State (the State where the increase 
in transmission loSS in the wavelength band of 1.55 um 
caused by distortions in winding is reduced by 0.1 dB/km or 
more) released from distortions in winding. A resin 42 is 
used as a coil-tidying member So as to Secure the optical 
fiber coil 32 to a storage case 40 at four positions. Both ends 
of the optical fiber coil 32 are connected to pigtail fibers at 
fusion-splicing parts 44, respectively. Even when the Storage 
case 40 is closed with a lid after the optical fiber coil 32 is 
Secured to the Storage case 40 with the resin 42, there remain 
interstices within the bundle of the optical fiber coil 32 and 
a Space between the optical fiber coil 32 and the Storage case 
40. As a result, even when the optical fiber coil 32 in a 
bundle State is accommodated in the Storage case 40, trans 
mission loSS and the like would not increase. 
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COILED OPTICAL ASSEMBLY AND 
FABRICATING METHOD FOR THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a coiled optical 
assembly made of a long optical fiber and a fabricating 
method for the same; and, in particular, to a dispersion 
compensator for reducing the wavelength dispersion of an 
optical fiber transmission line in the wavelength band of 
1.55 um, and a fabricating method for the Same. 
0003 2. Related Background Art 
0004 Long-distance, large-capacity transmission is pos 
sible in the wavelength band of 1.55 um by means of an 
optical amplifier operable in the wavelength band of 1.55 um 
utilizing an optical fiber doped with erbium (Er) which is a 
rare-earth element. However, when transmission is carried 
out in the wavelength band of 1.55 um by using a single 
mode optical fiber whose Zero-dispersion wavelength is in 
the 1.3-m band (1.3 SMF), which is employed in conven 
tional optical transmission lines, then a large wavelength 
dispersion occurs and distorts optical Signals, thereby dete 
riorating the Signal quality. As a consequence, when carrying 
out transmission in the 1.55-lim band with the use of 1.3 
SMF, its wavelength dispersion is required to be kept low. 
Known as one of techniques therefor is a method using a 
dispersion-compensating optical fiber (DCF) having a large 
wavelength dispersion with a polarity opposite to that of the 
dispersion of 1.3 SMF, so as to cancel the wavelength 
dispersion in the 1.55-lim band. 
0005. In a technique employed for carrying out such 
dispersion compensation with DCF in a conventional long 
distance transmission line, a dispersion compensator having 
a compact size in which a long DCF is wound around a 
bobbin is installed at every repeater Station. 

SUMMARY OF THE INVENTION 

0006 Nevertheless, since a wide-band DCF has a large 
bending loSS in general, it may yield a large transmission 
loSS in the 1.55-lim band, i.e., transmission wavelength 
band, when formed into a coil having a Small diameter. This 
bending loSS can be reduced when the coil has a larger 
diameter So that its number of turns is reduced. Increasing 
the coil diameter, however, is unfavorable in that the dis 
persion compensator accordingly becomes larger. 
0007 Also, the dispersion compensator is often used 
together with an optical amplifier using an erbium-doped 
optical fiber. In this case, the temperature of the dispersion 
compensator increases due to the heat from a pumping laser 
within the optical amplifier, so that the bobbin may ther 
mally expand. As a result, distortions may occur in the 
wound wide-band DCF, thereby increasing the transmission 
loSS. Using a material with less thermal expansion in the 
bobbin can reduce the transmission loSS in Such a high 
temperature environment. However, materials having low 
coefficients of thermal expansion, Such as Silica glass, 
ceramics, Special alloys, and the like, are hard to process or 
expensive. 

0008. Therefore, it is an object of the present invention to 
provide an optical assembly accommodating therein a long 
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optical fiber in a compact fashion, which yields less increase 
in transmission loSS upon Such bending or heat; and a 
method of making the same. 
0009. In order to achieve the above-mentioned object, the 
inventors carried out various Studies using the wide-band 
DCF, results of which will be discussed here. 

0010 FIG. 1 is a sectional view of a DCF constituting an 
optical fiber coil studied. As shown in FIG. 1, the DCF 
employed has an optical fiber 11 made of glass and two 
coating layerS 13, 15, each made of a resin, formed around 
the optical fiber 11. FIG.2 shows the refractive index profile 
of this DCF. The glass portion 11 is a double-cladding type 
DCF whose core portion has a diameter a of 2.65 lum, 
depressed cladding portion has a diameterb of 7.58 um, and 
outside diameter c is 100 lim. The primary coating layer 13 
has a thickness d of 20 lum. The Secondary coating layer 15 
has a thickness e of 20 um. The outside diameter f of the 
fiber is 180 um. The relative refractive index differences A+, 
A- of the core portion and depressed cladding portion with 
respect to the refractive index of the outer cladding portion 
were set to 2.1% and -0.4%, respectively. At 20 C., the 
Young's modulus of the primary coating layer 13 was 0.06 
kgf/mm, and that of the secondary coating layer 15 was 65 
kgf/mm. The wavelength dispersion and wavelength dis 
persion slope of this DCF were -100 ps/nm/km and -0.29 
ps/nm/km at the wavelength of 1.55 um, respectively, 
whereas its transmission loss was 0.40 dB/km. 

0011 FIG. 3 is a perspective view of a take-up bobbin 2 
used for producing the optical fiber coil. Around the bobbin 
2 made of aluminum having a body portion 20 with a 
diameter g of 100 mm, flanges 21 with a diameter of 200 
mm, and a winding width k of 18 mm, the above-mentioned 
DCF having a fiber length of 10 km was wound at a winding 
pitch of 0.4 mm with a take-up tension of 40 gif, So as to 
produce the optical fiber coil. 

0012. The respective transmission characteristics of thus 
obtained optical fiber coil (type 1) wound around the bobbin, 
the optical fiber coil (type 2) loosened into a bundle form 
after being removed from the bobbin, and the optical fiber 
coil (type 3) obtained after that of type 1 had been subjected 
to a predetermined heat treatment were measured and com 
pared with each other. 
0013 FIG. 4 shows the heat cycle of the heat treatment 
applied to the optical fiber coil of type 3. In this heat 
treatment, the optical fiber coil of type 1 was left for 1 hour 
at a temperature of 20°C., Subsequently the temperature was 
raised at a rate of 1 C./minute until it reached 80 C., at 
which the optical fiber coil was left for 1 hour, and then the 
temperature was lowered at a rate of 1 C./minute until it 
reached -40 C., at which the optical fiber coil was left for 
1 hour. After this cycle was repeated once again, the optical 
fiber coil was finally maintained at 20° C. and left for 2 
hours. 

0014 FIG. 5 is a graph comparing, at each wavelength, 
the transmission loSS values of the optical fiber coils of types 
1 and 2 with those of the optical fiber before being wound 
up. In the optical fiber coil of type 1, a large transmission 
loss (1.7 dB at 1.55 m) occurred in the 1.55-um band, i.e., 
transmission wavelength band, and the transmission loSS 
became greater as the wavelength was longer. It is due to the 
microbend loss occurring when the optical fiber is bent with 
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a Small curvature. By contrast, this microbend loSS Substan 
tially disappeared from the optical fiber coil of type 2. From 
these facts, the inventors have found that the transmission 
loSS generated upon the winding of a coil is mainly caused 
by distortions in winding due to a multiplex winding, e.g., 
lateral pressures applied to each fiber from its adjacent 
fibers, which cause the optical fiber to bend, thereby gen 
erating a microbend loSS upon coil winding. Hence, the 
inventors have concluded that an optical fiber coil having a 
low transmission loSS can be produced if these lateral 
preSSures are eliminated. 
0015. When the optical fiber coil of type 2 was heated to 
70° C. and then its transmission loss was measured at a 
wavelength of 1.55 um, the measured value was greater than 
that at 20° C. by 0.06 dB. This minute amount of change in 
transmission loss value is on a par with the value of 1.3 SMF 
reported in a literature (Tanaka et al., “TEMPERATURE 
DEPENDENCE OF INTRINSIC TRANSMISSION LOSS 
FOR HIGH SILICA FIBER,” European Conference on 
Optical Communication, pp. 193-196, 1987). Therefore, this 
transmission loSS is considered to be the temperature-depen 
dent loSS inherent in the optical fiber, which is a value 
irrelevant to the lateral pressures. 
0016 FIG. 6 is a graph comparing, at each wavelength, 
the transmission loSS values of the optical fiber coils of types 
1 and 3 with those of the optical fiber before being wound 
up. In the optical fiber coil of type 3, the amount of change 
in loss was improved over that of the optical fiber coil of 
type 1, whereby its amount of change in transmission loSS at 
a wavelength of 1.55 um was 0.25 dB. Though the amount 
of change in transmission loSS of this optical fiber coil at a 
wavelength of 1.55 um further increased by 0.24 dB when 
heated to 70° C., it was still lower than that of the optical 
fiber coil of type 1 at 20° C., i.e., 1.7 dB. 
0017 Thus, the inventors have found that subjecting a 
coil to a heat treatment can reduce its lateral pressures and 
also lower the temperature dependence of its amount of 
change in transmission loSS. 
0.018. Therefore, the present invention is configured as 
follows. 

0019. The coiled optical assembly made of a long optical 
fiber in accordance with the present invention comprises an 
optical fiber coil in which the long optical fiber is formed 
into a coil and adjusted into a State where the amount of 
increase in transmission loSS in a predetermined wavelength 
band upon coiling is reduced by 0.1 dB/km or more, and a 
Storage case accommodating the optical fiber coil. 

0020 Since the optical fiber coil is accommodated in the 
Storage case in a State where the amount of increase in 
transmission loSS in a predetermined wavelength band upon 
coiling is reduced by 0.1 dB/km or more So as to Substan 
tially release distortions in winding, the lateral pressure 
applied by each layer of the optical fiber to another layer of 
the optical fiber due to multiplex winding of the long optical 
fiber is alleviated. Also, when wound around a bobbin, the 
optical fiber is less likely to be influenced by the thermal 
expansion of the bobbin even in a high-temperature envi 
rOnment. 

0021 When the long optical fiber has a wavelength 
dispersion and a wavelength dispersion slope which have 
polarities opposite to those of the wavelength dispersion and 
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wavelength dispersion slope of the optical fiber constituting 
a transmission line, respectively, then the coiled optical 
assembly functions as a dispersion compensator for reducing 
the wavelength dispersion in a predetermined wavelength 
band. As a consequence, a dispersion compensator having a 
favorable characteristic can be obtained. 

0022. The storage case may accommodate the long opti 
cal fiber in a bundle form. When the coil-shaped optical fiber 
is loosened into a bundle form and accommodated in the 
Storage case, then its distortions in winding can Substantially 
be released in a simple manner. 
0023 Alternatively, the optical fiber coil may be wound 
around a bobbin. In this case, the lateral pressures applied to 
the optical fiber from its adjacent layers of optical fiber or 
the bobbin are alleviated, and the optical fiber coil is 
accommodated So as to be free from the influence of the 
thermal expansion of the bobbin even when placed in a 
high-temperature environment. 
0024. The bobbin may be made of a metal. In this case, 
by forming the optical fiber coil in a state where the bobbin 
is heated and expanded, and then cooling and shrinking the 
bobbin, the optical fiber coil can be adjusted into a state 
where distortions in winding are Substantially released. 
0025. When the winding pitch of the optical fiber coil is 
Set to a value at least twice as large as the diameter of the 
long optical fiber, then mode coupling occurs between 
orthogonal polarization modes, whereby polarization mode 
dispersion (PMD) can be reduced. 
0026. The diameter of the optical fiber coil may be 100 
mm or leSS in its Smallest portion. In Such a State which is 
Substantially free of distortions in winding, it is possible to 
produce an optical assembly using a Small-sized optical fiber 
coil having a diameter of 100 mm or less, which has 
conventionally been difficult. 
0027 Preferably, the long optical fiber has a coating layer 
on the outer peripheral surface thereof. Preferably, this 
coating layer is the one in which a primary coating layer 
made of a coating material having a Young's modulus of at 
least 0.03 kgf mm but not greater than 0.15 kgf/mm and a 
Secondary coating layer made of a coating material having 
a Young's modulus of at least 50 kgf/mm but not greater 
than 100 kgf/mm are laminated, or a coating layer made of 
a coating material having a Young's modulus of at 1 
kgf/mm but not greater than 120 kgf/mm. Preferably, the 
coating layer has a thickness of at least 20 mm but not 
greater than 70 um. 
0028. When such a coating layer is provided, then it 
becomes easier to coil the long optical fiber in a State 
Substantially released from distortions in winding. 
0029. The optical assembly of the present invention may 
further comprise a coil-tidying member which Secures the 
optical fiber coil to the Storage case or bobbin, thereby 
preventing the optical fiber coil from becoming disordered 
in winding. 

0030. When the coil-tidying member secures the optical 
fiber coil to the Storage case or bobbin, then, even when the 
optical fiber coil is accommodated in the State Substantially 
released from distortions in winding, it is possible to prevent 
the optical assembly from vibrating upon transportation or 
the like, the optical fiber from breaking upon impacts, the 



US 2003/O142938A1 

wound optical fiber coil from becoming disordered, and the 
transmission loSS from thereby increasing. 
0031. The coil-tidying member may be formed by a resin 
which Secures the optical fiber coil to the Storage case or 
bobbin at a plurality of positions. Alternatively, it may be a 
cushion material Securing the optical fiber coil to the Storage 
case. The coil-tidying member may further comprise a filler 
for Securing and holding the optical fiber coil. AS the filler, 
a thermosetting or UV-curable Silicon gel having a Young's 
modulus of 0.05 kg/mm or less upon curing or a jelly-like 
admixture having a high Viscosity is preferable. 

0032. When the optical fiber coil is thus secured to the 
Storage case or bobbin by means of the coil-tidying member, 
it is possible to easily prevent the optical assembly from 
Vibrating upon transportation or the like, the optical fiber 
from breaking upon impacts, the wound optical fiber coil 
from becoming disordered, and the transmission loSS from 
thereby increasing. 

0.033 Also, a cushioning filler may fill gaps between 
turns of the optical fiber constituting the optical fiber coil. AS 
this filler, a thermosetting or UV-curable Silicon gel having 
a Young's modulus of 0.05 kg/mm or less upon curing or a 
jelly-like admixture having a high Viscosity is preferable. 
0034. When the cushioning filler fills gaps between turns 
of the optical fiber, then the lateral pressures generated by 
the turns of the optical fiber acting on each other are 
alleviated, whereby distortions in bending are Suppressed. 
Further, this filler can easily prevent the optical assembly 
from vibrating upon transportation or the like, the optical 
fiber from breaking upon impacts, the wound optical fiber 
coil from becoming disordered, and the transmission loSS 
from thereby increasing. 

0035. On the other hand, the fabricating method for a 
coiled optical assembly made of a long optical fiber in 
accordance with the present invention comprises a coil 
making Step of winding the long optical fiber around a 
bobbin So as to make an optical fiber coil, and an adjustment 
Step of adjusting the optical fiber into a State where the 
amount of increase in transmission loSS in a predetermined 
wavelength band upon this coil making Step is reduced by 
0.1 dB/km or more. 

0.036 Thus, as the optical fiber is placed into a state 
where the amount of increase in transmission loSS in a 
predetermined wavelength band upon this coil making Step 
is reduced by 0.1 dB/km or more in the adjustment step so 
as to Substantially release distortions in winding, the coiled 
optical assembly in accordance with the present invention 
can be produced. 
0037 For example, this adjustment step can employ any 
of: (1) a step of holding, after the coil making step, the 
optical fiber coil at at least one of temperatures which are 
lower and higher than the temperature in the coil making 
Step, respectively; (2) a step of vibrating the bobbin wound 
with the optical fiber coil after the coil making step; and (3) 
a step of removing the optical fiber coil from the bobbin and 
loosening thus removed optical fiber coil into a bundle form. 

0038. In the step (1), which is derived from the above 
mentioned finding, the coil is Subjected to a heat treatment, 
So as to reduce lateral pressures, whereby the coil is adjusted 
into the State where distortions in winding are Substantially 
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released. In the step (2), the bobbin is vibrated so as to 
homogenize the winding State of the coil, thereby making 
the lateral pressures uniform and adjusting the optical fiber 
coil into the State Substantially released from distortions in 
winding. In the step (3), the coil is loosened into a bundle 
form, So as to be adjusted in the State Substantially released 
from distortions in winding. 
0039 The method may further comprise a filling step of 
accommodating the optical fiber coil in a storage case and 
filling the Storage case with a cushioning filler. When the 
Storage case is thus filled with the cushioning filler, the 
optical fiber coil can be Secured and held without exceSS 
lateral pressures being applied thereto. 
0040. The method may further comprise a lubricant coat 
ing Step of coating the bobbin with a lubricant prior to at 
least one of the coil making Step and adjustment Step. This 
is effective in that the friction between the bobbin and the 
optical fiber coil can be reduced, whereby it is possible to 
reduce lateral preSSures and enhance the elimination of 
distortions in winding upon the adjustment Step. 
0041. In another aspect, the fabricating method for a 
coiled optical assembly in accordance with the present 
invention comprises a coil making Step of forming an optical 
fiber coil by winding a long optical fiber around a bobbin in 
a State where the amount of increase in transmission loSS in 
a predetermined wavelength band upon coiling is reduced by 
0.1 dB/km or more. Preferably, this coil making step com 
prises at least one of (1) a step of winding the long optical 
fiber around the bobbin in a state where at least one of the 
long optical fiber and the bobbin is maintained at a prede 
termined temperature not lower than 60° C.; and (2) a step 
of winding the long optical fiber around the bobbin at a 
take-up tension of 50 gf or leSS. 
0042. The step (1) can alleviate lateral pressures which 
may occur after the bobbin or optical fiber is cooled. The 
Step (2) can form a coil in a state Substantially released from 
distortions in winding. 
0043. In still another aspect, the fabricating method for a 
coiled optical assembly comprises a coil making Step of 
winding a long optical fiber around a bobbin So as to make 
an optical fiber coil; and a body diameter changing Step of 
Substantially reducing, after the coil making Step, the diam 
eter of the bobbin from the diameter thereof in the coil 
making Step, So that the optical fiber is adjusted into a State 
where the amount of increase in transmission loSS in a 
predetermined wavelength band upon winding is reduced by 
0.1 dB/km or more. 

0044) When the body diameter is thus substantially 
reduced in the body diameter changing Step, So as to form an 
optical fiber coil in a bundle form in which a wide-band DCF 
is loosened, then the lateral pressures generated due to a 
multilayer of winding are alleviated, whereby the optical 
fiber coil that is not influenced by thermal expansion of the 
bobbin even when placed in a high-temperature environment 
can reliably be made. 
0045. Further, the method of making an optical assembly 
in accordance with the present invention may comprise a 
filler coating Step of coating an outer periphery of a long 
optical fiber with a cushioning filler, and a coil making Step 
of winding the long optical fiber, whose outer periphery is 
coated with the filler, around a bobbin, So as to make an 
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optical fiber coil, or a coil making Step of making an optical 
fiber coil while coating, Simultaneously with winding the 
long optical fiber around a bobbin, the surface of the bobbin 
for winding the long optical fiber and the outer periphery of 
the wound long optical fiber with a cushioning filler. 
0046. In this manner, since the cushioning filler is dis 
posed between turns of the optical fiber and between the 
optical fiber and the bobbin, the lateral pressures applied to 
the optical fiber are alleviated, whereby the optical fiber coil 
that is not influenced by thermal expansion of the bobbin 
even when placed in a high-temperature environment can 
Securely be made. 
0047 The present invention will be more fully under 
stood from the detailed description given hereinbelow and 
the accompanying drawings, which are given by way of 
illustration only and are not to be considered as limiting the 
present invention. 
0.048. 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 Specific examples, while indicating 
preferred embodiments of the invention, are given by way of 
illustration only, Since various changes and modifications 
within the Spirit and Scope of the invention will be apparent 
to those skilled in the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0049 FIG. 1 is a sectional view of a DCF constituting an 
optical fiber coil used for a study prior to the present 
invention, whereas 
0050 FIG. 2 is a view showing its refractive index 
profile; 
0051 FIG. 3 is a perspective view of a take-up bobbin 
used for making the optical fiber coil; 
0.052 FIG. 4 is a chart showing the heat cycle of a heat 
treatment applied to an optical fiber coil produced in a 
comparative experiment; 
0.053 FIGS. 5 and 6 are graphs comparing amounts of 
change in transmission loSS of optical fiber coils produced in 
comparative experiments, 

0.054 FIG. 7 is a schematic view showing a dispersion 
compensator in accordance with a first embodiment of the 
present invention, whereas 
0.055 FIG. 8 is a schematic view showing a moment at 
which an optical fiber coil is accommodated in a storage case 
in this dispersion compensator; 
0056 FIG. 9 is a side view showing a dispersion com 
pensator in accordance with a Second embodiment of the 
present invention, whereas FIG. 10 is a vertical sectional 
view thereof; 
0057 FIG. 11A is an exploded view of a bobbin in the 
second embodiment, FIG. 11B is a side view of a wedge 
member thereof, FIG. 11C is a sectional view of the bobbin 
taken along a plane including the center axis of the bobbin, 
0.058 FIG. 12A is a top plan view of a support member 
of the bobbin, FIG. 12B is a transverse sectional view of the 
support member, and FIG. 12C is an enlarged view of a 
groove portion of the Support member; 
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0059 FIGS. 13A to 13D are views for explaining a 
mechanism for reducing the body diameter of the bobbin 
after a DCF is wound therearound; 
0060 FIG. 14 is an exploded perspective view of a 
dispersion compensator in accordance with a third embodi 
ment of the present invention, whereas 
0061 FIGS. 15 and 16 are perspective views of cushion 
materials thereof; 
0062 FIG. 17 is a perspective view showing a dispersion 
compensator in accordance with a fourth embodiment of the 
present invention, whereas 
0063 FIG. 18 is a perspective view of a modified 
example thereof; 
0064 FIG. 19 is a sectional view showing a dispersion 
compensator in accordance with a fifth embodiment of the 
present invention, whereas 
0065 FIG. 20 is a sectional view of a modified example 
thereof; 
0066 FIG. 21 is an enlarged sectional view showing a 
dispersion compensator in accordance with a sixth embodi 
ment of the present invention, whereas 
0067 FIGS. 22 and 23 are views for explaining methods 
of making the same, 
0068 FIG.24 is a perspective view showing a dispersion 
compensator in accordance with a Seventh embodiment of 
the present invention; 
0069 FIGS. 25 to 27 are charts each showing the tension 
dependence of the transmission loSS value of an optical fiber 
coil; 
0070 FIG. 28 is a chart showing the winding pitch 
dependence of PMD in an optical fiber coil; 
0071 FIG. 29 is a chart showing how temperature 
changes in a heat cycle applied to a wound coil, whereas 
0072 FIG. 30 is a chart showing how the transmission 
loSS value changes over time when the coil is Subjected to 
this heat cycle; 
0073 FIG. 31 is a chart showing how temperature 
changes in another heat cycle applied to the wound coil; 
0074 FIG. 32 is a view showing a refractive index 
profile of another DCF; 
0075 FIG.33 is a schematic view showing how a DCF 
is wound around a coil while being heated; and 
0.076 FIGS. 34 and 35 are configurational views of 
optical transmission Systems each using a dispersion com 
pensator in accordance with the present invention, whereas 
FIGS. 36 and 37 are configurational views of optical 
amplifiers each having a dispersion compensator. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0077. In the following, preferred embodiments of the 
present invention will be explained in detail with reference 
to the accompanying drawings. To facilitate the comprehen 
Sion of the explanation, the same reference numerals denote 
the Same parts, where possible, throughout the drawings, 
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and a repeated explanation will be omitted. Though the 
following explanations mainly relate to embodiments of 
dispersion compensators in which optical fiber coils are 
made of a wide-band DCF (hereinafter simply referred to as 
DCF), the present invention is also applicable to optical 
assemblies which form optical fiber coils by using other long 
optical fibers. 

0078 First Embodiment 
0079. To begin with, a dispersion compensator in accor 
dance with a first embodiment will be explained. FIG. 7, 
which illustrates the dispersion compensator in accordance 
with the first embodiment, is a Sectional view showing an 
optical fiber coil 32 accommodated in a storage case 40. 

0080. As shown in FIG. 7, the optical fiber coil 32 
bundled in a State Substantially released from distortions in 
winding is accommodated in the Storage case 40 and Secured 
thereto at four positions with the aid of resin pieces 42. Both 
ends of the optical fiber coil 32 are connected to pigtail fibers 
45 at fusion-Splicing parts 44, respectively. 

0081. Here, the state substantially released from distor 
tions in winding refers to a State where the increase in 
transmission loSS in the wavelength band of 1.55 um caused 
by the distortions in winding is suppressed to 0.1 dB/km or 
leSS. It is due to the fact that the increase in transmission loSS 
of the optical fiber coil 32 in a loosened state removed from 
the bobbin is substantially eliminated as shown in FIG. 4 
and, as the distortions in winding are eliminated, their 
resulting transmission loss also disappears. 

0082 In order to restrain the transmission loss value of 
the optical fiber coil from increasing and SuppreSS its tem 
perature dependence, the resin preferably has a low coeffi 
cient of thermal expansion and a low coefficient of contrac 
tion after its coating, while exhibiting a Sufficient adhesive 
property. An example of Such a resin is KE45T, which is a 
silicone resin manufactured by Shin-Etsu Chemical Co., 
Ltd. Preferably, at least four securing parts are formed by the 
resin at Substantially identical intervals around the periphery 
of the coil. It is due to the fact that the optical fiber coil can 
be secured Sufficiently and reliably to the Storage case if 
there are at least four Securing parts. More preferably, at 
least eight Securing parts are formed at Substantially iden 
tical intervals, Since they can endure considerable impacts. 
Preferably, each resin securing part has a width of about 5 
mm. It is due to the fact that no undue pressure will be 
applied to the optical fiber when a resin is applied thereto in 
Such a width by means of an applicator. 
0083) Preferably, the body portion of the bobbin (see 
FIG. 3) is coated with a lubricant, such as finely divided 
powder, before the DCF is wound therearound. It is due to 
the fact that, when the bobbin is coated with the lubricant, 
the coefficient of friction between the optical fiber coil and 
the bobbin surface can be reduced, whereby it becomes 
easier to pull out the optical fiber coil. For example, in the 
case of an optical fiber coil manufactured under the condi 
tion of the above-mentioned type 1 with no coating applied 
to the bobbin, it took about 15 minutes for the optical fiber 
coil to be pulled out from the bobbin. In the case of an 
optical fiber coil manufactured after the bobbin was coated 
with talc (see Iwanami Rikagaku Jiten, the fourth edition, p. 
239) which was used as a powder inorganic filler, by 
contrast, it took about 4 minutes for the optical fiber coil to 
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be pulled out from the bobbin. Without being restricted to 
finely divided powderS Such as talc, any lubricant may be 
used as long as it can lower the coefficient of friction 
between the DCF and the bobbin surface when pulling out 
the optical fiber coil from the bobbin. For example, it may 
be a liquid, and it may be applied after coiling as well. 
0084. The tension used when taking up the DCF around 
the bobbin is preferably as Small as possible. It is due to the 
fact that, when the tension is Small, then the friction between 
the optical fiber coil and the bobbin Surface can be lowered, 
whereby it becomes easier to pull out the optical fiber coil. 
For example, in the case where an optical fiber coil was 
manufactured by winding a DCF around a talc-coated bob 
bin with a take-up tension of 50 gif, it took about 20 minutes 
for the coil to be pulled out. When an optical fiber coil was 
manufactured in the same manner except that the take-up 
tension was changed to 40 gif, by contrast, it took about 4 
minutes for the coil to be pulled out. The take-up tension is 
preferably as low as possible unless the winding State of the 
DCF becomes disordered. The inventors manufactured vari 
ous kinds of optical fiber coils with different tensions and, as 
a result, have found it preferable to set the tension to 40 gif 
or less in this embodiment. 

0085. The optical fiber coil in abundle form is not limited 
to the one produced by a method comprising the Steps of 
winding a DCF around a bobbin and then removing it from 
the bobbin. During the step of making the optical fiber coil, 
the DCF may be wound around a member equivalent to a 
bobbin so as to produce the optical fiber coil, which is then 
removed from this member. 

0086 FIG. 8 is a schematic view showing a moment at 
which the optical fiber coil 32 is accommodated in the 
storage case 40. After the optical fiber coil 32 is secured to 
the storage case 40 with the aid of the resin (not illustrated), 
the storage case 40 is closed with a lid 46, whereby the fiber 
coil 32 is accommodated in the Storage case 40 in a State 
where winding is prevented from becoming disordered. 
Even in the state closed with the lid 46, interstices exist 
between the individual turns of the fiber constituting the 
DCF bundle of the optical fiber coil32 and between the DCF 
bundle and the storage case 40, whereby the DCF is kept 
from being influenced by thermal expansion of its Surround 
ings even when placed in a high-temperature environment. 

0087 Thus accommodated optical fiber coil was sub 
jected to an impact test. The impact test was carried out in 
compliance with the requirements of IEC68-2-29Eb under 
the condition with an acceleration of 98 m/sec, an impact 
application time of 16 msec, and an impact application 
number of 1000. As indicated by the arrow A in FIG. 8, the 
direction of impact application was perpendicular to the 
plane including the wound optical fiber coil. Even after this 
impact test, no disorder in winding occurred in the optical 
fiber coil. No increase in transmission loSS was found when 
the transmission loSS value was measured at a wavelength of 
1.55 um, and no increase in loss other than that inherent in 
the optical fiber was found when measured after the tem 
perature was raised to 70° C. 
0088. Thus, as the optical fiber coil 32 in a bundle state 
is Secured to the Storage case 40 with the resin 42, it can be 
accommodated in the Storage case in the State where distor 
tions in winding of the optical fiber coil are Substantially 
released without generating disorders in winding. AS a 
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consequence, the optical fiber coil is prevented from being 
broken or changing its characteristics due to vibrations, 
impacts, and the like, and it is possible to obtain a Small 
sized dispersion compensator whose transmission loSS value 
and temperature dependence of transmission loSS are 
reduced. 

0089. Second Embodiment 
0090 The dispersion compensator in accordance with a 
second embodiment will now be explained. FIG. 9 is a side 
View showing the dispersion compensator in accordance 
with the Second embodiment. In this embodiment, an optical 
fiber coil 48 is secured to a bobbin2 in a state wound around 
the bobbin 2. Namely, with the aid of a resin applied to four 
resin application portions 52 located at a flange 26 of the 
bobbin 2, the optical fiber coil 48 is secured to the flange 26, 
i.e., bobbin 2, whereas the DCF 50 is drawn out from both 
ends of the optical fiber coil 48. Though the portions coated 
with the resin are actually hidden inside the flange 26, they 
are illustrated explicitly for the Sake of explanation. 

0091 FIG. 10 is a vertical sectional view of this disper 
Sion compensator. A resin 54 is applied So as to Secure the 
optical fiber coil 48 to two sheets of flanges 26 on the inside 
thereof. As the resin 54, the one identical to that of the first 
embodiment can be used. Thus, the optical fiber coil 48 is 
Secured at a plurality of positions from therearound. Pref 
erably, at least four Securing parts are formed by the resin at 
substantially identical intervals. It is due to the fact that the 
optical fiber coil 48 can be secured sufficiently to the flange 
26, i.e., bobbin 2, if there are at least four securing parts. 
More preferably, at least eight Securing parts are formed at 
Substantially identical intervals, Since they can endure con 
siderable impacts. Preferably, the resin 54 has a width of 
about 5 mm. It is due to the fact that no undue pressure will 
be applied to the fiber constituting the coil when a resin is 
applied thereto in Such a width by means of an applicator. 
0092. The configuration of the bobbin 2 will now be 
explained with reference to FIGS. 11A to 11C and 12A to 
12C. FIG. 11A is an exploded view of the bobbin 2, FIG. 
11B is a side view of a wedge member 24 thereof, and FIG. 
11C is a sectional view of the bobbin 2 taken along a plane 
including the center axis thereof. FIG. 12A is a top plan 
view of a support member 28, FIG.12B is a lateral sectional 
view of the Support member 28, and FIG. 12C is an enlarged 
view of a groove 36. 

0093. As shown in FIG. 11A, the bobbin 2 comprises a 
cylindrical core member 22, two flanges 26, a Support 
member 28, and a plurality (10 pieces in FIG. 9) of wedge 
members 24. Each flange 26 is a thin disc having an opening 
at the center part, into which the core member 22 is inserted. 
The Support member 28 has an opening at the center part, 
into which the core member 22 is inserted. As shown in FIG. 
1B, each wedge member 24 has a sector form which is 
obtained when a disc is divided into 10 equal parts by lines 
interSecting at the center thereof. The center part of the 
wedge member 24 is provided with a protrusion 30 on each 
Side, whereas the circumferential part has a thick portion 
having a dimension identical to the winding width of the 
coil. 

0094. When these members are assembled together, then, 
as shown in FIG. 11C, the two flanges 26 hold the support 
member 28 from both sides, and these members are arranged 
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concentrically. When the core member 22 is inserted into the 
opening located at the center part of thus arranged members, 
the flanges 26 and the Support member 28 are Secured to 
each other thereby. The wedge members 24 are held between 
the support member 28 and the flanges 26 on both sides 
thereof So as to be Secured, while coming into contact with 
the core member 22 at their tips. 
0.095 As shown in FIGS. 12A and 12B, the support 
member has a structure in which two discS are bonded to 
each other with connection walls 34 each extending from the 
circumferential Side to the edge of the opening. In order to 
insert the wedge members 24 therebetween, 10 pieces of the 
connection walls 34 are disposed in conformity to the form 
of the wedge part. The center part between each pair of the 
neighboring connection walls 34 is formed with a groove 36 
extending from the peripheral Side toward the center. AS 
shown in FIG. 12C, the groove 36 is made of a rectangular 
parallelepiped depression. Disposed within the groove 36 is 
a helical Spring 38 whose one end is Secured to the periph 
eral side of the support member 28. The helical spring is 
employed here Since it has a simple structure and can be 
made with a Small size. In place of the helical Spring, a 
variety of elastic bodies can be employed as well. 
0096] With reference to FIGS. 13A to 13D, a mechanism 
for reducing the body diameter of the bobbin 2 after taking 
up a DCF will now be explained. In FIGS. 13A to 13D, in 
order for the compressing mechanism to be easily discern 
ible, the flanges 26 are omitted, and the wedge members 24 
hidden inside the support member 28 are indicated by 
broken lines. 

0097 FIGS. 13A and 13C are a side view and a top plan 
view each showing the bobbin before its body diameter is 
reduced. The wedge members 24 are inserted between the 
connection walls 34 of the support member 28 with their 
wedge parts directed to the center and come into contact 
with the core member 22 at their tips. The protrusions 30 on 
both sides fit into their corresponding grooves 36 while 
compressing the respective helical Springs 38. AS a conse 
quence, each wedge member 24 receives the force directed 
toward the center from its corresponding helical Spring 38, 
So as to be Secured by the core member 22 having a diameter 
of 10 mm. Hence, the arcs of 10 wedge members 24 form 
substantially a cylindrical body portion of the bobbin. Thus 
formed cylindrical surface is used for winding the DCF (not 
illustrated). Here, the body diameter g is 100 mm, and the 
winding width k is 18 mm. 
0.098 FIGS. 13B and 13D are a side view and a top plan 
view each showing the bobbin after its body diameter is 
reduced. When the core member 22 is pulled out from the 
bobbin 2, then the wedge members 24 move toward the 
center due to the forces of the helical springs 38 so that their 
wedge parts are put together, whereby a compressed cylin 
drical body portion of the bobbin is formed. After this 
compression, the body diameter g is 90 mm. 
0099] The compressible bobbinstructure is not limited to 
that explained above. Any specific mechanism can be used 
as long as the body diameter in the State accommodated in 
the dispersion compensator is Substantially reduced as com 
pared with that at the time when the DCF is being wound 
therearound. The number of the wedge members 24, the 
Structure of the groove 36, and So forth are given by way of 
illustration only, and other configurations may be employed 
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as long as their functions can be exhibited. Here, “Substan 
tially reduced” refers to Such a compression that distortions 
in winding are released, whereby the transmission loSS and 
the temperature dependence of transmission loSS can be 
reduced. 

0100 AS can be seen from the foregoing explanations, 
the degree of reduction in body diameter can be modified by 
the diameter of the core member 22. Preferably, the ratio of 
reduction is a few % with respect to the body diameter. Such 
a degree of reduction can Substantially release distortions in 
winding, whereby lateral pressures can be alleviated. For 
fully alleviating the lateral pressures, it is more preferable 
that the ratio of reduction be 5% to 6%. Here, it is unnec 
essary for the degree of reduction to exceed 10% at most. 
0101 The DCF having the characteristics mentioned 
above and a length of 10 km was wound around the 
above-mentioned compressible bobbin under the condition 
with a winding pitch of 0.4 mm and a take-up tension of 40 
gf, So as to produce an optical fiber coil. The transmission 
loss value before reducing the body diameter of the bobbin 
was measured and found to be 1.7 dB at a wavelength of 
1.55 um. Subsequently, after the body diameter was reduced 
to 90 mm, the optical fiber coil was loosened without 
changing its outside diameter of winding and was Swung So 
as to homogenize the winding State of the whole optical fiber 
or its State of irregularity, and then the transmission loSS 
value was measured, whereby it was found that the increase 
in transmission loSS value generated upon coiling disap 
peared. When the transmission loss value of this coil was 
measured after the coil was heated to 70° C., the increase in 
loss compared with that at 20° C. was 0.06 dB, indicating 
that no increase in loSS occurred other than that inherent in 
the optical fiber. 
0102) When the bobbin is thus compressed after a plu 
rality of turns of DCF are wound therearound to produce an 
optical fiber coil, then the optical fiber coil is placed in a 
State Substantially released from distortions in winding. AS 
a consequence, the lateral pressures generated due to a 
multilayer of winding of the DCF are alleviated, and the 
optical fiber coil is kept from being influenced by thermal 
expansions of the bobbin even when placed in a high 
temperature environment, whereby the transmission loSS of 
the optical fiber coil and its temperature dependence of the 
transmission loSS can be reduced. Namely, the optical fiber 
coil can be accommodated in the bobbin in a state where the 
wavelength-dispersion-compensating optical fiber is Sub 
Stantially released from distortions in winding. 
0103) Then, the optical fiber coil in a state where the coil 
was Secured to the bobbin at Several positions as shown in 
FIGS. 9 and 10 was subjected to an impact test under the 
Same condition as that of the first embodiment. AS indicated 
by the arrow A in FIG. 10, the direction of impact applica 
tion was perpendicular to the plane including the optical 
fiber coil 48. Even after this impact test, no disorder in 
winding occurred in the optical fiber coil. Also, no increase 
in transmission loSS was found when the transmission loSS 
value was measured at a wavelength of 1.55 um, and no 
increase in loSS other than that inherent in the optical fiber 
was found when measured after the temperature was raised 
to 70° C. 

0104. As explained in the foregoing, when the body 
diameter of the bobbin is reduced after the DCF is wound 
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therearound, and the optical fiber coil 48 is secured to the 
flanges 26 of the bobbin 2 with the resin 52, then the bobbin 
22, which also acts as a storage case, can accommodate the 
optical fiber coil 48 in a state where the optical fiber coil is 
Substantially released from distortions in winding loSS with 
out causing the winding to become disordered. As a conse 
quence, the optical fiber coil is prevented from being broken 
or changing its characteristics due to vibrations, impacts, 
and the like, and it is possible to obtain a Small-sized 
dispersion compensator whose transmission loSS value and 
temperature dependence of transmission loSS are reduced. 
0105. Third Embodiment 
0106 The dispersion compensator in accordance with a 
third embodiment will now be explained. In the dispersion 
compensator in accordance with the third embodiment, an 
optical fiber coil in a bundle form disposed within a Storage 
case is Secured by means of a cushion material acting as a 
coil-tidying member. FIG. 14 is an exploded perspective 
view of the third embodiment, whereas FIG. 15 is a per 
spective view of its cushion material 60. 
0107 As shown in FIG. 15, the cushion material 60 for 
accommodating an optical fiber coil 32 has an outer shape in 
conformity to the inner form of a Storage case 62, whereas 
its upper face is formed with an optical fiber coil Storage 
section 61 formed into a groove in conformity to the form of 
the optical fiber coil 32. Namely, the optical fiber coil 
Storage Section 61 comprises an annular groove area 63a 
shaped in conformity to the optical fiber coil 32, and two 
linear groove areas 63b which are portions for drawing out 
the optical fiber coil 32. Preferably, the depth of the groove 
in the optical fiber coil storage Section 61 is Such that the 
optical fiber coil 32 is accommodated therein while leaving 
a margin for disposing a lid 66 of cushion material thereon. 
In this manner, the cushion materials 60 and 66 can Surround 
the optical fiber coil 32. Though the cross section of the 
groove is U-shaped here, without being restricted thereto, it 
may be V-shaped or rectangular as well. 
0.108 Referring to FIG. 14, an assembling method in 
accordance with this embodiment will now be explained. 
The cushion material 60 is put into the Storage case 62, and 
the optical fiber coil 32 is accommodated in the annular 
groove area 63a of the optical fiber storage section 63 of the 
cushion material 60. Then, both ends of the DCF are drawn 
out from the optical fiber coil 32, and are connected to their 
corresponding pigtail fiberS 45 at their respective fusion 
Splicing parts 44. Each fusion-splicing part 44 is accommo 
dated in the linear groove area 63b of the optical fiber 
Storage Section 63, whereas the free end of each pigtail fiber 
45 is drawn out of the storage case 62. Thereafter, the lid 66 
of cushion material is placed So as to mate with the optical 
fiber Storage Section 63, and the Storage case 62 is closed 
with a lid 64. As a result, the optical fiber coil 32 is secured, 
whereby the dispersion compensator in accordance with this 
embodiment is accomplished. 
0109 Here, the lid 66 of cushion material preferably has 
a form covering the opening area of the optical fiber Storage 
section 63, and it is more preferable that this form be 
Substantially identical to the opening form of the optical 
fiber storage section 63. It is due to the fact that the optical 
fiber coil 32 can be covered with the cushion materials 63 
and 66 thereby. 
0110. It is required for the cushion materials 60 and 66 to 
be processed easily, be Soft enough So as not to damage the 
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optical fiber, and have Such a low Young's modulus that they 
can deform elastically So as to Surround the optical fiber with 
a slight pressure when accommodated. AS Such a cushion 
material, flexible polyurethane and polyethylene foam are 
preferable. In particular, polyethylene foam is preferable in 
practice due to its easiness in processing. However, any 
material can be used as long as the above-mentioned 
requirements are Satisfied. 

0111. Also, the form of the cushion material 60 is not 
limited to that shown in FIGS. 14 and 15. For example, a 
cushion member 60b having a form shown in FIG. 16 may 
be used as well. This cushion material 60b has a form in 
which the cushion material 60 shown in FIG. 15 is partly cut 
off. As a result, the annular groove area 63a of the optical 
fiber storage section 63 has a divided form. This configu 
ration is advantageous in that, even when the Outer form of 
the cushion material 60b is slightly greater than the inside of 
the Storage case 62, the cushion material 60b can easily be 
accommodated in the Storage case 62, and that the cushion 
material 60b can reliably be secured into the storage case 62 
due to its elastic deformation. 

0112 An impact test was carried out under the same 
condition as that of the first and second embodiments while 
using polyethylene foam (product code: PE Light B4, manu 
factured by INOAC Corporation; having a density of 0.027 
g/cm) as the cushion members 60 and 66, results of which 
will now be reported. The direction of impact application 
was indicated by the arrow A in FIG. 14, i.e., perpendicular 
to the plane including the optical fiber coil32. Even after this 
impact test, no disorder in winding occurred in the optical 
fiber coil. Also, no increase in transmission loSS was found 
when the transmission loSS Value was measured at a wave 
length of 1.55 tim, and no increase in loSS other than that 
inherent in the optical fiber was found when measured after 
the temperature was raised to 70° C. 
0113 AS explained in the foregoing, when the optical 
fiber coil 32 is accommodated in the optical fiber Storage 
section 63 formed by recessing the cushion member 60, then 
the optical fiber coil 32 can be accommodated in the Storage 
case 62 in a bundle State Substantially released from distor 
tions in winding, without causing the winding to become 
disordered. As a consequence, the optical fiber coil is 
prevented from being broken or changing its characteristics 
due to vibrations, impacts, and the like, and it is possible to 
obtain a Small-sized dispersion compensator whose trans 
mission loSS Value and temperature dependence of transmis 
Sion loSS are reduced. 

0114 Fourth Embodiment 
0115 The dispersion compensator in accordance with a 
fourth embodiment will now be explained. In the dispersion 
compensator in accordance with the fourth embodiment, as 
shown in FIG. 17, an optical fiber coil 48 wound around a 
bobbin 2 is Secured to the bobbin 2, also acting as a Storage 
Section, with the aid of a cushion material 68 which is a 
coil-tidying member. 

0116. As the cushion material 68 is held between the 
flanges 26 on both sides of the bobbin2 and is wound around 
the whole outer periphery of the flanges 26, the optical fiber 
coil 48 is secured to the flanges 26. The cushion material 68 
is secured to the flanges 26 with a resin. Preferably, the resin 
is applied so as not to adhere to the optical fiber coil 48. The 
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Size of the cushion material 68 varies depending on the size 
of the flanges 26 used, the number of turns of the DCF, and 
the like. In the case where an optical fiber coil similar to that 
of the second embodiment is used, the cushion material 68 
is preferably formed into a rectangular parallelepiped having 
a thickness of 3 mm, a width of 18 mm in conformity to the 
winding width of the coil, and a length of about 628 mm in 
conformity to the outer peripheral length of the flanges 26. 
0117 The form of the cushion member is not limited to 
that shown in FIG. 17. As shown in FIG. 18, a plurality of 
thin rectangular parallelepiped cushion materials 72 may be 
disposed at a plurality of positions, So as to Secure the optical 
fiber coil 48 to the flanges 26. Also, the cushion material 68 
is preferably provided with outlets 70 for the DCF wound 
into a coil form. 

0118 Though the cushion material has characteristics 
identical to those of the third embodiment, a Silicone resin 
is preferably used as its resin. However, any resin may be 
used as long as it does not peel off when a heat history is 
applied thereto within the range of about 0°C. to about 70 
C., which is assumed for an environment of use. 
0119) Thus accommodated optical fiber coil was sub 
jected to an impact test carried out under the same condition 
as that of the third embodiment. The direction of impact 
application was indicated by the arrow A in FIG. 17, i.e., 
perpendicular to the plane including the optical fiber coil 48. 
Even after this impact test, no disorder in winding occurred 
in the optical fiber coil 48. Also, no increase in transmission 
loSS was found when the transmission loSS value was mea 
Sured at a wavelength of 1.55 um, and no increase in loSS 
other than that inherent in the optical fiber was found when 
measured after the temperature was raised to 70° C. 
0120 AS explained in the foregoing, when the optical 
fiber coil 48 wound around the bobbin in a state substantially 
released from distortions in winding is Secured with the 
cushion material 68, then the optical fiber coil 48 can 
reliably be secured to the bobbin without causing the wind 
ing to become disordered. As a consequence, the optical 
fiber coil is prevented-from being broken or changing its 
characteristics due to vibrations, impacts, and the like, and 
it is possible to obtain a Small-sized dispersion compensator 
whose transmission loSS value and temperature dependence 
of transmission loSS are reduced. 

0121 Fifth Embodiment 
0122) The dispersion compensator in accordance with a 
fifth embodiment will now be explained. In the dispersion 
compensator in accordance with the fifth embodiment, the 
storage case in the first embodiment is further filled with a 
cushioning filler So as to Secure the optical fiber coil. 
0123 FIG. 19 shows a sectional configurational view of 
this embodiment. As with the first embodiment, an optical 
fiber coil 32 in a state substantially released from distortions 
in winding is accommodated in a Storage case 80 having a 
rectangular or circular bottom face. The Storage case 80 is 
filled with a filler 84 which surrounds the optical fiber coil 
32. Here, the filler 84 preferably fills in between turns of the 
optical fiber constituting the optical fiber coil 32 as well. The 
storage case 80 is mounted with a lid 82 so as to be sealed 
therewith. 

0.124 Preferable as the filler 84 are thermosetting or 
UV-curable silicone resins having a Young's modulus of 
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0.05 kg/mm or less, jelly-like admixtures having a high 
viscosity in which a rubber such as that of butadiene or 
Silicon is Swollen with a Solvent, Such as Silicone or naph 
thene, and other resins or the like are optionally added 
thereto; and the like. As such a highly flexible material with 
a high Viscosity is used as a filler, the optical fiber consti 
tuting the optical fiber coil 32 can reliably be secured 
without applying thereto an exceSS force which may impart 
distortions in winding to the optical fiber. Also, as the filler 
fills in between turns of the fiber, the pressures applied to the 
individual turns of the fiber are homogenized, whereby the 
microbend loSS occurring due to irregular lateral pressures 
can be Suppressed. Consequently, a dispersion compensator 
using a small-diameter fiber (having a glass diameter of 100 
aim or less and a coating thickness of 140 um or less) or a 
fiber having a low An, which has conventionally been hard 
to use due to its Vulnerability to distortions in winding, can 
easily be made. When a small-diameter fiber is used, the 
optical fiber coil can be made compact, whereby the module 
can have a much Smaller size. When a fiber having a low An 
is used, then the effective core cross-sectional area A can 
be reduced, So as to Suppress the nonlinear characteristic. 
0.125 The form of the storage case 80 is not limited to 
that shown in FIG. 19. It may have an annular configuration 
as with the storage case 80a shown in FIG. 20. Though 
FIGS. 19 and 20 depict the optical fiber coil 32 in a form 
in contact with the bottom face of the storage case 80 or 80a, 
the optical fiber coil 32 may be accommodated in the Storage 
case 80 or 80a after a small amount of the filler is injected 
therein, before the rest of the filler is injected and cured 
therein, for example. This procedure is more preferable in 
that the pressure applied to the optical fiber coil 32 from the 
bottom face of the storage case 80 or 80a can be alleviated. 
0.126 The optical fiber coil 32 may also be accommo 
dated in the storage case 80 or 80a after being produced in 
a manner similar to that of the first embodiment, or a DCF 
may be dropped into the storage case 80 or 80a and formed 
into a coil therein. 

0127. As explained in the foregoing, when Surrounded 
with the filler 84, the optical fiber coil 32 can be accommo 
dated in the Storage case 80 in a State where distortions in 
winding are Substantially released, without causing the 
winding to become disordered. As a consequence, the opti 
cal fiber coil is prevented from being broken or changing its 
characteristics due to vibrations, impacts, and the like, and 
it is possible to obtain a Small-sized dispersion compensator 
whose transmission loSS value and temperature dependence 
of transmission loSS are reduced. 

0128 Sixth Embodiment 
0129. The dispersion compensator in accordance with a 
sixth embodiment will now be explained. This embodiment 
differs from the fourth embodiment, in which the optical 
fiber coil is secured to the bobbin with the cushion material 
wound around the outer peripheral portion, in that the optical 
fiber coil is secured with a filler filling in between turns of 
the fiber constituting the optical fiber coil and between the 
fiber and the bobbin. 

0130 FIG. 21 is an enlarged sectional view of the sixth 
embodiment. A filler 84 fills in between turns of the optical 
fiber of the optical fiber coil 48 wound around the body 
portion 24 of the bobbin 2 and between the individual turns 
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of the optical fiber and the outer peripheral Surface of the 
body portion 24 of the bobbin 2 or the wall face of each 
flange 26. As the filler 84, a material identical to that of the 
filler of the fifth embodiment can be used. 

0131 AS Such a highly flexible material with a high 
Viscosity is used as a filler, the optical fiber constituting the 
optical fiber coil 48 can reliably be secured without applying 
thereto an exceSS force which may impart distortions in 
winding to the optical fiber. Also, as the filler fills in between 
turns of the fiber, the pressures applied to the individual 
turns of the fiber are homogenized, whereby the microbend 
loSS occurring due to irregular lateral preSSures can be 
Suppressed. Consequently, a dispersion compensator using a 
small-diameter fiber or a fiber having a low An, which has 
conventionally been hard to use due to its vulnerability to 
distortions in bending, can easily be made. 
0.132. Also, in this embodiment, even in the case where 
aluminum or the like having a relatively high coefficient of 
thermal expansion is used as the bobbin 2, if the outer 
periphery of the body portion 24 of the bobbin 2 expands, 
then the filler 84 absorbs the stress caused by the expansion, 
So as to keep the StreSS from being transmitted to the optical 
fiber coil 48, whereby the optical fiber coil 48 can be 
prevented from being distorted upon thermal expansion. AS 
a consequence, reliability improves, and it is unnecessary for 
the bobbin 2 to use an expensive material having a low 
thermal expansion, whereby the cost can be cut down. 
0.133 Methods of making the dispersion compensator in 
accordance with the sixth embodiment will now be 
explained. FIGS. 22 and 23 are views for explaining these 
methods. 

0134) In the method shown in FIG. 22, a DCF 96 wound 
around a feed bobbin 90 is taken up around the bobbin 2 by 
way of capstan rollers 91, 92. Here, the outer periphery of 
the DCF 96 is substantially uniformly coated with a filler 84 
in a liquid form by a coating means 94 disposed in front of 
the bobbin 2. As a result, the interstices in the DCF 96 
wound around the bobbin2 are substantially uniformly filled 
with the filler 84. 

0135) In the method shown in FIG. 23, the coating means 
94 is disposed on the side of the bobbin 2, so as to apply the 
filler 84 to the outer peripheral Surface of the body portion 
24 of the bobbin 2, i.e., the Surface around which the DCF 
96 is being wound or has already been wound. As a 
consequence, the interstices of the DCF 96 being wound can 
reliably be coated with the filler 84. 
0.136 AS explained in the foregoing, when the filler 84 is 
placed between the turns of the optical fiber coil 48 wound 
around the bobbin 2 in a state substantially released from 
distortions in winding, then the optical fiber coil 48 can 
reliably be secured to the bobbin without causing the wind 
ing to become disordered. As a consequence, the optical 
fiber coil is prevented from being broken or changing its 
characteristics due to vibrations, impacts, and the like, and 
it is possible to obtain a Small-sized dispersion compensator 
whose transmission loSS value and temperature dependence 
of transmission loSS are reduced. 

0137) Seventh Embodiment 
0138. In this embodiment, as shown in FIG. 24, a DCF 
is wound around a take-up bobbin 2, So as to form an optical 
fiber coil 32. 
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0.139. This embodiment is characterized in that, during or 
after being taken up, the optical fiber coil 32 is adjusted into 
a State Substantially released from the above-mentioned 
distortions in winding. Various techniques can be employed 
for adjusting the optical fiber coil into this state, which will 
be explained in the following with reference to Examples A 
to L by way of illustration. 

EXAMPLEA 

0140 Around a bobbin 2 made of aluminum in which 
g=120 mm and k=45 mm, about 90 plies of a DCF having 
a length of 9 km, the form shown in FIG. 1, and the 
refractive index profile shown in FIG. 2 were wound with 
a winding pitch of 0.28 mm at each of two kinds of take-up 
tensions of 50 gf and 70 gf, whereby two kinds of dispersion 
compensators were produced. This DCF has the specific 
characteristics shown in the following Table. 

Characteristics Values 

A+ 2.5% 
A- -0.5% 

al 2.54 um 
b 7.26 um 
C 100 um 
d 20 tim 
e 20 tim 
f 180 um 

Young's modulus of primary 0.06 kgf/mm. 
coating layer 13 

Young's modulus of 
secondary coating layer 15 

65 kgf/mm. 

0141 FIG.25 is a graph plotting thus obtained two kinds 
of dispersion compensators in terms of take-up tension and 
transmission loSS Value at a wavelength of 1.55 um which 
are indicated by the abscissa and the ordinate, respectively. 
The broken line indicates the transmission loss value (0.53 
dB/km) of the DCF at a wavelength of 1.55 um in the state 
wound around a plastic bobbin having a body diameter of 
280 mm, for comparison. In Example A, the transmission 
loss value was 3.01 dB/km and 1.98 dB/km when the 
take-up tension was 70 gf and 50 gf, respectively. 

EXAMPLEB 

0142. Around a bobbin 2 made of aluminum in which 
g=60 mm and k=45 mm, about 190 plies of a DCF, identical 
to that of Example A, having a length of 13 km were wound 
with a winding pitch of 0.28 mm at each of three kinds of 
take-up tensions of 20 gf, 25 gf, and 50 gif, whereby three 
kinds of dispersion compensators were produced. 
0143 FIG. 26 is a graph plotting thus obtained three 
kinds of dispersion compensators in terms of take-up tension 
and transmission loSS value at a wavelength of 1.55 um 
which are indicated by the abscissa and the ordinate, respec 
tively. The broken line is a transmission loss value shown for 
comparison as with FIG. 25. The transmission value was 
2.54 dB/km and 1.05 dB/km when the take-up tension was 
50 gf and 25 gf, respectively, thereby becoming Smaller as 
the take-up tension was lower. At the take-up tension of 20 
gf, however, the transmission loSS value increased to 2.95 
dB/km. It is assumed to be because the take-up tension was 
so low that the winding of the fiber loosened, thereby 
generating distortions in winding. 

Jul. 31, 2003 

EXAMPLE C 

0144. Around a bobbin 2 made of aluminum in which 
g=100 mm and k=18 mm, about 210 plies of a DCF having 
a length of 8 km and the characteristics shown in the 
following Table (see FIGS. 1 and 2 for its form and 
refractive indeX profile, respectively) were wound with a 
winding pitch of 0.40 mm at each of four kinds of take-up 
tensions of 20 gf, 30 gf, 40 gf, and 50 gf, whereby four kinds 
of dispersion compensators were produced. This DCF has 
the Specific characteristics shown in the following Table. 

Characteristics Value 

A+ 2.1% 
A- -O.35% 

al 2.65 um 
b 7.58 um 
C 110 um 
d 20 tim 
e 15 um 
f 180 um 

Young's modulus of primary 0.03 kgf/mm. 
coating layer 13 

Young's modulus of 
secondary coating layer 15 

100 kgf/mm? 

014.5 FIG.27 is a graph plotting thus obtained four kinds 
of dispersion compensators in terms of take-up tension and 
transmission loSS value at a wavelength of 1.55 um which 
are indicated by the abscissa and the ordinate, respectively. 
The broken line also indicates take-up tension and transmis 
Sion loSS value by the abscissa and the ordinate, respectively. 
The broken line indicates the transmission loss value (0.45 
dB/km) at a wavelength of 1.55 um before the coil is taken 
up. The transmission loss value was 0.50 dB/km, 0.48 
dB/km, and 0.46 dB/km when the take-up tension was 50 gf, 
40 gf, and 30 gif, respectively, thereby becoming Smaller as 
the take-up tension was lower. At the take-up tension of 20 
gf, however, the winding of the fiber loosened, whereby the 
transmission loSS value increased and exceeded 1.0 dB/km. 

0146 AS can be seen from the relationship between 
transmission loSS value and take-up tension in Examples A, 
B, and C, when the take-up tension for winding the optical 
fiber is lowered, then the increase in transmission loSS value 
caused by the winding can be reduced. It has been confirmed 
that this take-up tension is preferably 50 gfor less, but more 
preferably at least 25 gf at which the winding of the fiber 
would not loosen. When the optical fiber coil is produced 
within Such a range of take-up tension, then the lateral 
preSSures occurring upon winding can be Suppressed, 
whereby the increase in transmission loSS value can be 
lowered. More preferably, the take-up tension is at least 30 
gfbut not greater than 40 gf. When the winding is carried out 
within Such a tension range, the increase in transmission loSS 
value can further be lowered. 

EXAMPLED 

0147 Around a bobbin 2 made of aluminum in which 
g=80 mm and k=45 mm, about 190 plies of a DCF having 
a length of 14 km and the characteristics shown in the 
following Table (see FIGS. 1 and 2 for its form and 
refractive indeX profile, respectively) were wound at a 
take-up tension of 35 gf with each of four kinds of winding 
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pitches of 0.2 mm, 0.4 mm, 0.6 mm, and 1.0 mm, whereby 
four kinds of dispersion compensators were produced. This 
DCF has the specific characteristics shown in the following 
Table. 

Characteristics Values 

A+ 2.1% 
A- -O.35% 

al 2.67 um 
b 7.63 um 
C 98 um 
d 20 tim 
e 30 um 
f 198 um 

Young's modulus of primary 0.12 kgf/mm. 
coating layer 13 

Young's modulus of 
secondary coating layer 15 

50 kgf/mm. 

0148 FIG.28 is a graph plotting thus obtained four kinds 
of dispersion compensators (with black circles) in terms of 
winding pitch and PMD which are indicated by the abscissa 
and the ordinate, respectively. While PMD was 1.68 ps when 
the winding pitch was 0.2 mm, it became 1.12 pS, 0.94 ps, 
and 0.90 ps at the winding pitches of 0.4 mm, 0.6 mm, and 
1.0 mm, respectively. Hence, it has been confirmed that 
PMD can be lowered when the winding pitch is made greater 
as compared with the diameter of the DCF to be wound. 
Preferably, the ratio of the winding pitch to the DCF 
diameter is set to a value of 2 or greater, since PMD can 
considerably be lowered thereby. More preferably, this ratio 
is Set to a value of 3 or greater, Since the dependence on the 
winding pitch can be made very Small thereby. 

0149 If the winding pitch is thus controlled at the time 
when the DCF is wound into a small-sized coil, then mode 
coupling occurs between Orthogonal polarization modes, 
whereby PMD can be reduced. 

0150. On the other hand, the transmission loss of thus 
produced optical fiber coil at a wavelength of 1.55 um was 
0.46 dB/km when the winding pitch was 0.6 mm. This coil 
was heated to 80° C. at a temperature changing rate of 0.5 
C./min, held for 1 hour at this temperature, and then returned 
to room temperature, at which the transmission loSS value 
was measured again and found to be 0.44 dB/km, which was 
identical to the transmission loSS value before coiling. The 
PMD at this time was 0.79 cps as indicated by the black 
triangle in the graph. 

0151. It has thus been confirmed that, when the winding 
pitch is controlled while the DCF is being wound into a 
small-sized coil, and the DCF is subjected to a heat treat 
ment after being wound, then StreSS is alleviated, whereby 
the increase in transmission loSS value can be reduced. 
Further, it has been confirmed that the increase in PMD can 
be reduced as well. 

EXAMPLEE 

0152 Around a bobbin 2 made of aluminum in which 
g=100 mm and k=35 mm, about 120 plies of a DCF having 
a length of 6 km and the characteristics shown in the 
following Table (see FIGS. 1 and 2 for its form and 
refractive indeX profile, respectively) were wound at a 

Jul. 31, 2003 

take-up tension of 40 gf with a winding pitch of 0.8 mm, and 
then the bobbin was vibrated for 30 minutes, so as to 
Substantially release distortions in winding, whereby a dis 
persion compensator was produced. This DCF has the 
Specific characteristics shown in the following Table. 

Characteristics Values 

A+ 2.5% 
A- -0.5% 

al 2.57 um 
b 7.34 um 
C 115 um 
d O lim 
e 70 um 
f 255 um 

Young's modulus of 40 kgf/mm. 
secondary coating layer 15 

0153. A vibration tester was used for applying the vibra 
tion to the bobbin, such that the displacement of the bobbin 
caused by the vibration over time drew a sinusoidal wave. 
The vibration frequency was 50 Hz, the maximum accel 
eration was 10 m/sec, and the vibration was generated in Z 
directions in FIG. 24. The transmission loss value of the 
optical fiber at a wavelength of 1.55 um was 0.44 dB/km 
before coiling and increased to 0.45 dB/km after coiling. 
After the vibration was added thereto, the transmission loss 
value became 0.44 dB/km, i.e., returned to the value 
obtained before coiling. 
0154 It has thus been confirmed that, when a vibration is 
applied to the DCF, its radius of curvature can be increased 
or lateral preSSures can be alleviated, whereby the increase 
in transmission loSS value can be reduced. It is not necessary 
to apply the vibration continuously, as long as the total time 
of vibration is at least 30 minutes. For example, the vibration 
may be applied intermittently over a certain period of time 
as well. 

0155 The direction of vibration of the bobbin may not 
only be parallel to the flange surfaces of the bobbin (Z 
directions in FIG. 24) but also be substantially perpendicu 
lar to the flange surfaces of the bobbin, or may form a 
predetermined angle with these directions. When applying 
the vibration to the bobbin, it is preferably provided with 
means for preventing the winding of the optical fiber coil 
from becoming disordered, Such as that shown in the above 
mentioned third embodiment. 

EXAMPLE F 

0156 Around a bobbin 2 made of aluminum in which 
g=120 mm and k=45 mm, about 90 plies of a DCF, identical 
to that of Example A, having a length of 9 km were wound 
with a winding pitch of 0.28 mm at a take-up tension of 50 
gf, and then a predetermined heat treatment was carried out, 
whereby a dispersion compensator was produced. FIG. 29 
shows the heat cycle of this heat treatment, in which the 
initial temperature was 20 C., the range of temperature 
change was from 80° C. to -40°C., the temperature chang 
ing rate was 1 C./min, two cycles of heating and cooling 
were carried out with 1 hour of retention at each of 80 C. 
after heating and -40° C. after cooling, and retention at 20 
C. was effected for 1 hour before changing temperature and 
for 2 hours before the termination. 
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O157 FIG. 30 shows the amount of change in transmis 
sion loss at a wavelength of 1.55 um over time. Here, the 
transmission loSS value before Starting the heat treatment 
was 1.98 dB/km, whereas that in the state wound around a 
plastic bobbin having a body diameter of 280 mm was 0.53 
dB/km. The change in transmission loSS value caused by the 
heat treatment was about -1.4 dB/km, whereby the increase 
generated upon coiling disappeared. Such a heat cycle 
yielded a temperature change of +60° C. with respect to the 
initial temperature as well. As can be seen from FIG. 30, 
after this heat cycle was carried out twice, the transmission 
loss value was substantially stabilized. It has thus been 
confirmed that the heat treatment can alleviate transmission 
loSS. 

EXAMPLE G 

0158 Around a bobbin 2 made of aluminum in which 
g=60 mm and k=45 mm, about 90 plies of a DCF, identical 
to that of Example A, having a length of 9 km were wound 
with a winding pitch of 0.28 mm at a take-up tension of 25 
gf, and then a predetermined heat treatment was carried out, 
whereby a dispersion compensator was produced. FIG. 31 
shows the heat cycle of this heat treatment, which is the 
same as that shown in FIG. 29 except that the order of the 
heating and cooling is reversed. 
0159. While the transmission loss value at a wavelength 
of 1.55 um was 1.05 dB/km before the heat treatment, it 
became 0.53 dB/km after the heat treatment, whereby the 
increase generated upon coiling disappeared. 

0160 AS can be seen from Examples F and G, in the case 
where the coiled DCF is subjected to a heat treatment, the 
coating ShrinkS when cooled to a temperature lower than that 
at the time of winding, whereas the StreSS is alleviated by 
heat when heated to a temperature higher than that at the 
time of winding, So that the radius of curvature of the wound 
DCF can be enhanced, whereby the increase in transmission 
loSS value can be reduced. It has also been confirmed that, 
when the heat cycle is repeated a plurality of times, then the 
transmission loSS value is Stabilized with respect to the 
amount of change caused by heat. 

EXAMPLE H 

0.161 Around a bobbin 2 made of aluminum in which 
g=100 mm and k=18 mm, about 210 plies of a DCF, 
identical to that of Example C, having a length of 8 km were 
wound with a winding pitch of 0.40 mm at each of take-up 
tensions of 40 gf and 50 gf, and then their respective 
predetermined temperature changing treatments were car 
ried out, whereby two kinds of dispersion compensators 
were produced. 
0162 The coil obtained at the take-up tension of 40 gif 
was Subjected to a temperature changing treatment in which 
the coil was cooled from room temperature at a rate of 0.5 
C./min, held for 1 hour at 0° C., and then returned to room 
temperature again. The coil obtained at the take-up tension 
of 50 gf was Subjected to a temperature changing treatment 
in which the coil was cooled for 1 hour at -20° C. and then 
returned to room temperature again. 
0163 While these coils yielded transmission loss values 
of 0.48 dB/km and 0.50 dB/km before their temperature 
changing treatments, respectively, both of them became 0.45 
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dB/km after the temperature changing treatments, whereby 
the increase caused by coiling disappeared. 
0164. It has thus been confirmed that the heat cycle may 
be carried out on the low temperature Side alone. It is 
presumed to be due to the fact that the coating shrinks when 
cooled to a temperature lower than that at the time of 
winding, so that the radius of curvature of the DCF after 
winding can be enhanced. As a result, the transmission loSS 
value can be lowered. 

EXAMPLE I 

0.165 Around a bobbin 2 made of aluminum in which 
g=100 mm and k=35 mm, about 170 plies of a DCF having 
a length of 10 km, the structure shown in FIG. 1, the 
refractive index profile shown in FIG. 32, and the charac 
teristics shown in the following Table were wound with a 
winding pitch of 0.50 mm at a take-up tension of 30 gf, and 
then a predetermined temperature changing treatment was 
carried out, whereby a dispersion compensator was pro 
duced. 

Characteristics Values 

A+ 1.1% 
A- -0.5% 
A* O.2% 

al 3.80 um 
b 9.51 um 
b 13.38 um 
C 100 um 
d 25 um 
e 45 um 
f 240 um 

Young's modulus of primary 0.15 kgf/mm. 
coating layer 13 

Young's modulus of 
secondary coating layer 15 

0166 The heat treatment was such that the coil was 
heated at a temperature changing rate of 1 C./min from 
room temperature to 60° C., at which the coil was held for 
3 hours, and then was returned to room temperature again. 
While the transmission loss value of the optical fiber at a 
wavelength of 1.55 um was 0.98 dB/km before coiling, it 
increased to 1.01 dB/km after coiling. The transmission loss 
value after the heat treatment was 0.98 dB/km, whereby the 
increase in transmission loSS generated upon coiling disap 
peared. Thus, the heat cycle may be carried out on the high 
temperature Side alone. When temperature is higher than that 
at the time of winding, then StreSS is alleviated by heat, 
whereby the radius of curvature of the DCF after winding 
can be enhanced. As a result, the transmission loSS value can 
be made Small. Though the effect of restoring the transmis 
Sion loSS value becomes greater as temperature is higher, the 
temperature must be lower than the glass transition point of 
the coating material of the DCF used, as a matter of course. 

EXAMPLEJ 

0.167 Around a bobbin 2 made of aluminum in which 
g=70 mm and k=6 mm, about 500 plies of a DCF having a 
length of 8.5 km and the characteristics shown in the 
following Table (see FIGS. 1 and 2 for its form and 
refractive indeX profile, respectively) were wound at a 
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take-up tension of 35 gf with a winding pitch of 0.3 mm, 
whereby a dispersion compensator was produced. This DCF 
has the Specific characteristics shown in the following Table. 

Characteristics Values 

A+ 2.1% 
A- -O.35% 

al 2.88 um 
b 7.58 um 
C 97 um 
d O lim 
e 20 tim 
f 137 um 

Young's modulus of 120 kgf/mm. 
secondary coating layer 15 

0168 The heat treatment condition was such that a cycle 
in which heating and cooling were effected at a temperature 
changing rate of 1 C./min with 1 hour of retention at each 
of O C. and 70° C. after cooling and heating, respectively, 
was repeated Six times. Also, 1 hour of retention was 
effected at +20 C. before starting and terminating the heat 
treatment. 

0169. While the transmission loss value of the optical 
fiber at a wavelength of 1.55 um was 0.51 dB/km before 
coiling, it increased to 0.55 dB/km after coiling. The trans 
mission loss value after the heat treatment returned to 0.51 
dB/km. 

0170 AS mentioned in Examples F to J, when a coil is 
wound at a predetermined take-up tension and then is 
Subjected to a heat treatment with a heat cycle in which the 
coil is placed at a temperature higher or lower than that at the 
time of winding for a predetermined period of time, then the 
transmission loss value can further be lowered. Substan 
tially, the transmission loSS value can be reduced to that of 
the optical fiber before winding. 
0171 The heat cycles are indicated here only by way of 
illustration, and would not be limited to those exemplified 
above, as long as the radius of curvature of the DCF can be 
enhanced after winding. 

EXAMPLEK 

0172 Around a bobbin 2 made of aluminum in which 
g=70 mm and k=6 mm, about 500 plies of a DCF, identical 
to that of Example J, having a length of 8.5 km were wound 
at a take-up tension of 35 gf with a winding pitch of 0.3 mm 
while being heated, whereby a dispersion compensator was 
produced. The heating of the DCF was carried out such that, 
as shown in FIG. 33, a drier was used for directly applying 
hot air along the direction of the depicted arrow to the DCF 
32 immediately before being wound around the body portion 
20 of the bobbin 2 between flanges 21, while the hot air was 
controlled Such that the temperature of the coil Surface 
became 80° C. 

0173 The transmission loss value of thus produced opti 
cal fiber coil at a wavelength of 1.55 um after cooling was 
0.51 dB/km, which was the same as that before winding. 
0174 Thus, when the DCF was heated while being 
wound, the resulting heat acts to enhance the radius of 
curvature of the wound DCF, whereby the increase in 
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transmission loSS Value can be reduced. Namely, the StreSS of 
the coating resin is alleviated in the process of being cooled 
to room temperature. AS can also be seen from other 
Examples, the predetermined temperature of heating is pref 
erably within the range of at least 60° C. but not higher than 
the glass transition point of the coating resin. The tempera 
ture range is more preferably within the range of at least 80 
C. but not higher than the glass transition point of the coating 
resin, Since the transmission loSS value can fully be lowered 
thereby. 

0175 Though both of the DCF and bobbin are heated to 
a predetermined temperature in this Example, at least one of 
them may be held at the predetermined temperature as well. 
Even in the latter case, StreSS is alleviated when temperature 
decreases after the completion of winding, whereby the 
increase in transmission loSS value can be reduced. 

0176 Further, when setting the DCF to a predetermined 
temperature, it is not necessary for the whole DCF being 
wound to be placed at the predetermined temperature. It will 
be sufficient if, of the DCF, at least the part wound around 
the bobbin is heated to the predetermined temperature. Even 
in the latter case, StreSS is alleviated when temperature 
decreases after the completion of winding, whereby the 
increase in transmission loSS value can be reduced. 

EXAMPLE L 

0177. A dispersion compensator similar to that of 
Example J was produced by using a DCF which differed 
from the fiber of Example J only in that the Young's modulus 
of its coating portion was 1 kgf/mm. 
0.178 The transmission loss value of this dispersion com 
pensator was 0.51 dB/km, and no increase in transmission 
loSS value caused by winding was seen. Namely, the trans 
mission loSS value was Substantially reduced to that before 
winding. 
0179 That is, as a coating layer having a low Young's 
modulus was disposed on the Side face of the optical fiber, 
the coating layer acted as a buffer layer, whereby it was 
possible to reduce the increase in transmission loSS value. 
Here, the action as the buffer layer becomes more effective 
as Young's modulus is lower. Consequently, when the opti 
cal fiber is coated with a coating material having a Young's 
modulus lower than that of the coating material for the fiber 
used in Example J, i.e., 120 kgf/mm, then its transmission 
loSS value is expected to decrease due to the buffer action. 
Namely, when the optical fiber has a coating layer made of 
a coating material having a Young's modulus of at least 1 
kgf/mm but less than 120 kgf/mm on its outer peripheral 
Surface, then the transmission loSS value of the optical fiber 
coil formed by winding this optical fiber around the bobbin 
can be made smaller than that of the optical fiber coil in 
Example J. 
0180. The measured values of Young's modulus men 
tioned in the foregoing Examples are those at 20° C. Their 
method of measurement will now be explained. 
0181 First, the coated optical fiber was cut into a short 
piece with an appropriate length. After this short piece of the 
coated optical fiber was immersed in acetone, the glass 
portion of the coated optical fiber was pulled out, and only 
the remaining coating layer portion was dried. Two gauge 
marks were Set in the dried coating So as to be axially 



US 2003/O142938A1 

Separated from each other by a distance of 25 mm, and the 
Young's modulus was calculated from the load at the time 
when the distance between the gauge marks expanded by 
2.5% as the coating layer portion was pulled at a pulling rate 
of 1 mm/min. The equation for calculating Young's modulus 
is: (Young's modulus)=(tensile load (kgf) upon 2.5% 
expansion)+(cross sectional area (mm) of the resin Surface 
perpendicular to the pulling direction)+0.025. 
0182. In the foregoing, the treatments for eliminating 
distortions in winding are explained with reference to 
Examples A to L by way of illustration. These treatments are 
effective in enhancing the radius of curvature bent by the 
lateral preSSures generated upon coiling the optical fiber or 
in reducing the lateral pressures themselves. 
0183 The optical fiber in accordance with each embodi 
ment explained above can also exhibit the effects of the 
present invention when it has, on its outer peripheral Surface, 
a coating layer comprising a primary coating layer of a 
coating material having a Young's modulus of at least 0.03 
kgf/mm but not greater than 0.15 kgf/mm and a secondary 
coating layer of a coating material having a Young's modu 
lus of at least 50 kgf/mm but not greater than 100 kgf/mm. 
disposed on the primary coating. Similarly, the optical fiber 
exhibits the effects of the present invention when it has a 
coating layer made of a coating material having a Young's 
modulus of at least 1 kgf/mm but not greater than 120 
kgf/mm disposed on its outer peripheral Surface. Also, the 
effects of the present invention can similarly be exhibited 
when the coating layer has a thickness of at least 20 um but 
not greater than 70 um. Further, the effects of the invention 
become valid when the DCF has a length of 6 km or greater, 
the body portion of the bobbin has a diameter of 120 mm or 
less, the coil has a winding width of 45 mm or less, and the 
number of turns of the coil is 500 or less. 

0184 Finally, methods of using a wavelength dispersion 
compensator, which is one of coiled optical assemblyS in 
accordance with the present invention, will be explained 
with reference to FIGS. 34 to 37. 

0185 FIG. 34 is a configurational view of an optical 
transmission System using an optical dispersion compensa 
tor in accordance with the present invention. In this optical 
transmission System, the output end of an optical amplifier 
109 connected to the output side of a transmitter 108 is 
connected to one end of an optical fiber transmission line 
110. The other end of the optical fiber transmission line 110 
is connected to the input end of another optical amplifier 
109. The output end of this optical amplifier 109 is con 
nected to a wavelength dispersion compensator 111 and then 
to the input end of a receiver 112. When the wavelength 
dispersion compensator 111 of the present invention is thus 
used in an optical transmission System, then the distortions 
in optical Signals generated in the optical fiber transmission 
line 110 can be compensated for with low transmission loss 
or low PMD. 

0186 FIG. 35 is a configurational view of another optical 
transmission System using-an optical dispersion compensa 
tor in accordance with the present invention. In this optical 
transmission System, an optical amplifier 113 equipped with 
a wavelength dispersion compensator, which is connected to 
the output of a transmitter 108, is connected to one end of 
an optical fiber transmission line 110. Also, at least one 
optical amplifier 113 equipped with a wavelength dispersion 
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compensator is disposed in the middle of the optical fiber 
transmission line 110 when necessary, whereas a receiver 
112 is connected to the other end of the optical fiber 
transmission line 110. The optical amplifier 113 equipped 
with a wavelength dispersion compensator is configured, for 
example, as shown in FIG. 36, such that its input and output 
are provided with optical amplifiers 109, with a wavelength 
dispersion compensator 111 disposed therebetween, So as to 
amplify optical Signals while Suppressing distortions 
thereof. Also, it may be configured Such that, as shown in 
FIG. 37, its input is provided with an optical amplifier 109, 
while a wavelength dispersion compensator 111 is connected 
to the output thereof. When the wavelength dispersion 
compensator of the present invention is thus used, then the 
distortions in optical Signals generated in the optical fiber 
transmission line 110 can be compensated for with low 
transmission loss or low PMD. 

0187. The foregoing embodiments mainly relate to cases 
where a double-cladding type DCF is used for making a 
dispersion compensator. Without being restricted thereto, 
the present invention is similarly applicable to double-core 
type and Segmented-core type DCFS as well. 
0188 In the prior art, it has been impossible to make a 
dispersion compensator at a practical level having a Small 
sized coil with a diameter of 100 mm or Smaller. In accor 
dance with the present invention, by contrast, a DCF in a 
Small-sized coil form can be accommodated in a Storage 
case in a State Substantially released from distortions in 
winding, whereby it is possible to realize a Small-sized 
dispersion compensator whose transmission loss and tem 
perature dependence of transmission loSS are reduced. 
0189 While Japanese Patent Application Laid-Open No. 
62-91810 discloses an invention in which the interstices and 
Surroundings of an optical System including an optical 
coupling Section between an optical fiber and an optical 
device are filled with a resin, which is then Solidified so as 
to encapsulate the optical System there within, it fails to 
describe or Suggest reduction in the lateral preSSures caused 
by the turns of the optical fiberacting on each other. On the 
other hand, while Japanese Patent Application Laid-Open 
No. 8-75477 discloses an invention which is excellent in 
Vibration characteristics, it Similarly fails to describe or 
Suggest reduction in lateral pressures. 
0190. From the invention thus described, it will be obvi 
ous that the invention may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
Spirit and Scope of the invention, and all Such modifications 
as would be obvious to one skilled in the art are intended for 
inclusion within the Scope of the following claims. 
What is claimed is: 

1. A coiled optical assembly made of a long optical fiber, 
Said coiled optical assembly comprising: 

an optical fiber coil in which said long optical fiber is 
formed into a coil and adjusted into a State where the 
amount of increase in transmission loSS in a predeter 
mined wavelength band upon coiling is reduced by 0.1 
dB/km or more; and 

a storage case accommodating Said optical fiber coil. 
2. A coiled optical assembly according to claim 1, wherein 

Said long optical fiber has a wavelength dispersion and a 
wavelength dispersion slope which have polarities opposite 
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to those of the wavelength dispersion and wavelength dis 
persion slope of an optical fiber constituting a transmission 
line, respectively, So that Said coiled optical assembly func 
tions as a dispersion compensator for reducing a wavelength 
dispersion in a predetermined wavelength band. 

3. A coiled optical assembly according to claim 1, wherein 
said optical fiber coil has a diameter of 100 mm or less at a 
Smallest portion thereof. 

4. A coiled optical assembly according to claim 1, wherein 
Said long optical fiber has, on an outer peripheral Surface 
thereof, a coating layer in which a primary coating layer 
made of a coating material having a Young's modulus of at 
least 0.03 kgf/mm but not greater than 0.15 kgf/mm and a 
Secondary coating layer made of a coating material having 
a Young's modulus of at least 50 kgf/mm but not greater 
than 100 kgf/mm are laminated. 

5. A coiled optical assembly according to claim 4, wherein 
Said coating layer has a thickness of at least 20 um but not 
greater than 70 um. 

6. A coiled optical assembly according to claim 1, wherein 
Said long optical fiber has, on an outer peripheral Surface 
thereof, a coating layer made of a coating material having a 
Young's modulus of at least 1 kgf/mm but not greater than 
120 kgf/mm°. 

7. A coiled optical assembly according to claim 6, wherein 
Said coating layer has a thickness of at least 20 um but not 
greater than 70 um. 

8. A coiled optical assembly according to claim 1, wherein 
Said Storage case accommodates Said long optical fiber in a 
bundle form. 

9. A coiled optical assembly according to claim 8, further 
comprising a coil-tidying member which Secures Said optical 
fiber coil to Said Storage case, So as to prevent Said optical 
fiber coil from becoming disordered in winding. 

10. A coiled optical assembly according to claim 9, 
wherein Said coil-tidying member is formed by a resin which 
Secures Said optical fiber coil to Said Storage case at a 
plurality of positions. 

11. A coiled optical assembly according to claim 9, 
wherein Said coil-tidying member is a cushion material 
Securing Said optical fiber coil to Said Storage case. 

12. A coiled optical assembly according to claim 8, further 
comprising a filler which fills Said Storage case and Secures 
and holds said optical fiber coil. 

13. A coiled optical assembly according to claim 12, 
wherein said filler is a thermosetting or UV-curable silicon 
gel having a Young's modulus of 0.05 kg/mm or less upon 
curing. 

14. A coiled optical assembly according to claim 12, 
wherein Said filler is a jelly-like admixture having a high 
Viscosity. 

15. A coiled optical assembly according to claim 1, 
wherein said optical fiber coil is wound around a bobbin. 

16. A coiled optical assembly according to claim 15, 
wherein said bobbin is made of a metal. 

17. A coiled optical assembly according to claim 15, 
wherein Said optical fiber coil has a winding pitch Set to a 
value at least twice as large as the diameter of Said long 
optical fiber. 

18. A coiled optical assembly according to claim 15, 
further comprising a coil-tidying member which Secures said 
optical fiber coil to Said bobbin, So as to prevent Said optical 
fiber coil from becoming disordered in winding. 
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19. A coiled optical assembly according to claim 18, 
wherein Said coil-tidying member is formed by a resin which 
Secures Said optical fiber coil to Said bobbin at a plurality of 
positions. 

20. A coiled optical assembly according to claim 18, 
wherein Said coil-tidying member is a cushion material 
Securing Said optical fiber coil to Said bobbin. 

21. A coiled optical assembly according to claim 15, 
wherein a cushioning filler fills gaps between turns of the 
optical fiber constituting Said optical fiber coil. 

22. A coiled optical assembly according to claim 21, 
wherein said filler is a thermosetting or UV-curable silicon 
gel having a Young's modulus of 0.05 kg/mm or less upon 
curing. 

23. A coiled optical assembly according to claim 21, 
wherein Said filler is a jelly-like admixture having a high 
Viscosity. 

24. A fabricating method for a coiled optical assembly 
made of a long optical fiber, Said method comprising: 

a coil making Step of winding Said long optical fiber 
around a bobbin So as to make an optical fiber coil, and 

an adjustment Step of adjusting Said optical fiber into a 
State where the amount of increase in transmission loSS 
in a predetermined wavelength band upon Said coil 
making Step is reduced by 0.1 dB/km or more. 

25. A fabricating method for a coiled optical assembly 
according to claim 24, further comprising a filling Step of 
accommodating Said optical fiber coil in a storage case and 
filling Said Storage case with a cushioning filler after Said 
adjustment Step. 

26. A fabricating method for a coiled optical assembly 
according to claim 24, wherein, in Said adjustment Step, after 
Said coil making Step, Said optical fiber coil is held at at least 
one of temperatures which are lower and higher than the 
temperature in Said coil making Step, respectively. 

27. A fabricating method for a coiled optical assembly 
according to claim 24, wherein, in Said adjustment Step, Said 
bobbin wound with said optical fiber coil is vibrated after 
Said coil making Step. 

28. A fabricating method for a coiled optical assembly 
according to claim 24, wherein, in Said adjustment Step, Said 
optical fiber coil is removed from said bobbin and thus 
removed optical fiber coil is loosened into a bundle form. 

29. A fabricating method for a coiled optical assembly 
according to claim 27, further comprising a lubricant coating 
Step of coating Said bobbin with a lubricant prior to at least 
one of Said coil making Step and adjustment Step. 

30. A fabricating method for a coiled optical assembly 
made of a long optical fiber, Said method comprising: 

a coil making Step of forming an optical fiber coil by 
winding Said long optical fiber around a bobbin in a 
State where the amount of increase in transmission loSS 
in a predetermined wavelength band upon winding is 
reduced by 0.1 dB/km or more. 

31. A fabricating method for a coiled optical assembly 
according to claim 30, wherein, in Said coil making Step, 
Said long optical fiber is wound around Said bobbin in a State 
where at least one of said long optical fiber and bobbin is 
maintained at a predetermined temperature not lower than 
60° C. 
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32. A fabricating method for a coiled optical assembly 
according to claim 30, wherein, in Said coil making Step, 
Said long optical fiber is wound around Said bobbin at a 
take-up tension of 50 gf or leSS. 

33. A fabricating method for a coiled optical assembly 
made of a long optical fiber, Said method comprising: 

a coil making Step of winding Said long optical fiber 
around a bobbin So as to make an optical fiber coil; and 

a body diameter changing Step of Substantially reducing, 
after Said coil making Step, the diameter of Said bobbin 
from the diameter thereof in Said coil making Step, So 
that Said optical fiber is adjusted into a State where the 
amount of increase in transmission loSS in a predeter 
mined wavelength band upon coiling is reduced by 0.1 
dB/km or more. 
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34. A fabricating method for a coiled optical assembly 
made of a long optical fiber, Said method comprising: 

a filler coating Step of coating an outer periphery of a long 
optical fiber with a cushioning filler; and 

a coil making Step of winding Said long optical fiber, 
whose outer periphery is coated with Said filler, around 
a bobbin, So as to make an optical fiber coil. 

35. A fabricating method for a coiled optical assembly 
made of a long optical fiber, Said method comprising: 

a coil making Step of coating, Simultaneously with wind 
ing Said long optical fiber around a bobbin, a Surface of 
said bobbin for winding said long optical fiber and thus 
wound long optical fiber with a cushioning filler, So as 
to make an optical fiber coil. 
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