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1. _ An optical fiber functional device for processing a light.beam passing

between optical fibers, the device comprising:

a first single-mode optical fiber concentrically connected to a first 

convergence-type rod lens made of a graded-index optical fiber; and

a second single-mode optical fiber concentrically connected to a second 

convergence-type rod lens made of a graded-index optical fiber, said first convergence- 

type rod lens being opposed to said second convergence-type rod lens; and

wherein the difference between specific refractivities of the center and a 

periphery of each of said first and second graded-index optical fibers is not less than 
0.5% but less than 1.5%.

6. A method of manufacturing an optical fiber functional device, the 

method comprising the steps of:

connecting concentrically a single-mode optical fiber for processing a light 
beam, through melting, to a graded-index optical fiber having a diameter not less than 
that of said single-mode optical fiber but not more than two times of that of said single­
mode optical fiber;

cutting off said graded-index optical fiber to a length including an allowance
for finishing;

holding said single-mode optical fiber and said graded-index optical fiber
concentrically connected to each other by a ferrule which is made of a transparent
glass; and · · ·'
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polishing optically a cut-off end of said graded-index optical fiber held by said 

ferrule so that said graded-index optical fiber has a prescribed length.



OPTICAL FIBER FUNCTIONAL DEVICE

• · · ·• · ·• · ·• · ·• · ·β · » ·

4 ··• · ·• · · e• · · ·• 4• · · ·

• · ■ ·► · · • · ·

BACKGROUND OF THE INVENTION
The present invention relates to an optical fiber 

functional device and a method of manufacturing the same, and 
S' more particularly relates to an optical fiber functional device 

capable of being used to form a parallel beam converter system 
in disposing a functional optical element such as an optical 
isolator in an optical fiber wave-guide for optical 
communication, and a method of manufacturing the same. 

lo It is known that if a semiconductor laser unit, which
is a main light source for optical fiber communication, optical 
disk input and output or the like, receives reflected light 
back from the end of an optical fiber connected to the laser 
unit, the point of connection of optical fibers, or an optical 

j«f system such as a coupling lens and an optical connector, the 
oscillation of the unit becomes so unstable that it undergoes 
a large operational deterioration such as an increase in noise 
and a fluctuation in output. Therefore, various optical 
isolators have been developed to prevent the oscillation of the 

3o semiconductor laser unit from becoming unstable due to the 
reception of the reflected light, to make the unit be a stable 
light source for optical communication.

Although an optical isolator including a Rochon's prism
as a polarizer or an analyzer, a Faraday-effect rotator made of
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a single crystal of YIG (yttrium-iron garnet), bismuth­
substituted yttrium-iron garnet or the like, and a holed 
permanent magnet made of SmCo or the like to magnetize the 
rotator in the forward direction is widely known, the isolator

5“ is only effective for a certain plane of polarization, and has 
a problem that if light not coincident with the direction of 
polarization of the isolator enters into it, the light 
undergoes a large loss in passing through the isolator. For 
use between optical fibers, an optical isolator with no

10 dependence on polarization has been desired because a light 
beam, which is transmitted through the optical fibers, has 
generally the changed plane of polarization.

Thus, various optical isolators, in each of which the 
.. separation and/or synthesis of ordinary and extraordinary rays

: i5"obtained by a flat plate of double refraction crystal such as• ·• ·
”** calcite or an artificial anisotropic medium instead of a
····• · ·
....Ϊ Rochon's prism are utilized to eliminate almost all of the loss • ·
,.ίϊ** of light in the forward direction as to all the planes of
.. .. polarization so as to make the isolator not dependent on
• · ·
·*.*.’*? «2θ polarization, have been proposed.

FIG. 1 shows a conventional optical isolator disclosed• · ·• · ·• · · · in Japanese Patent Publication No. 28561/83 and including a• · · ·
lens 10, two flat plates 11 and 12 of double-refracrion rutile

• · · ·• · · ·• ’ crystals, a Faraday-effeet rotator 13 which is a magnetooptic

2



k

·· ··

• · · · • · · ·

• · · ·

member, and an optically rotatory plate 14 of optically 
rotatory or anisotropic crystal such as quartz.

In the isolator, the direction of polarization of light 
from an optical fiber 8 as a light passage is changed by an

F angle of 45 degrees clockwise by each of the rotator 13 and the 
optically rotatory plate 14. The flat plates 11 and 12 of 
double-refraction rutile crystals have the same thickness, and 
are tilted by a prescribed angle to the optical axis of the 
isolator so that the axes of the plates are parallel with each

/Oother to prevent light from proceeding from another optical 
fiber 9 to the optical fiber 8.

FIG. 7 shows another conventional optical isolator 
disclosed in the Japanese Patent Publication No. 58809/86 and 
including lenses (a) and (b), two double-refraction crystal 
plates 11, and a Faraday-effect rotator 13. Each of the plates 
11 is shaped as a wedge. The oblique sides of the plates 11 
face each other across the Faraday-effeet rotator 13. Shown at 
1 and 4 in FIG. 6 are optical fibers as light passages. The 
isolator functions nearly in the same manner as that shown in

Jo FIG. 1.
Since the diameter of each of the lenses provided in

* · ·• i··.····, the above-mentioned conventional optical isolators in order to
cause each of them to function as a fiber collimator to

• · · ·• · · ·’ transmit the light from one of the optical fibers to the other. · ·
■ · ·

2.5" is much larger than that of the fiber, the entire size of the
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isolator is large. This is a problem. Since the distance from 
the light outlet end of one of the optical fibers to the nearby 
lens of the optical isolator and that from the other lens 
thereof to the light inlet end of the other of the fibers need 

f to be optimized while the state of the optical path for the 
light transmitted through the lens and the intensity of the 
light are monitored, it takes much time and trouble to assemble
the fiber collimator. This is also problem.

FIG. 3 shows a conventional optical fiber collimator in
)0 which spherical lenses 23 and 24 are connected to the mutually 

opposed ends of optical fibers 21 and 22 so that the rays of 
light transmitted through one of the fibers are made parallel
with each other. FIG . 4 shows another conventional optical
fiber collimator in which rod lenses 25 and 26 of the
refractive index distribution type are connected to the
mutually opposed ends of optical fibers 21 and 22 so that the

····

• · · '·

• *

• · · · • · · ·

rays of light transmitted through one of the fibers are made 
parallel with each other,

However, from standpoints of the efficiency and cost of 
2o production, the conventional optical fiber collimators have 

problems that the locations of the optical fibers and the 
lenses need to be modulated and fixed with the accuracy of the 
micron order, and anti-reflection coatings need to be provided 
on the lenses to prevent the light from being reflected due to
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the difference between the refractive indices of each components. 

" SUMMARY.OF THE INVENTION

The present invention was made in order to solve or at least ameliorate one or 

more of the above-mentioned problems. Accordingly, it is a preferred object of the 

invention to provide an optical fiber functional device which is easy to assemble the 

part thereof as an optical fiber collimator or the like and is compact and high in 

reliability. It is another object of the invention to provide a method of manufacturing 

the device.

Therefore, the invention discloses an optical fiber functional device for 

processing a light beam passing between optical fibers, the device comprising:

a first single-mode optical fiber concentrically connected to a first 

convergence-type rod lens made of a graded-index optical fiber; and '

a second single-mode optical fiber concentrically connected to a second 

convergence-type rod lens made of a graded-index optical fiber, said first convergence- 

type rod lens being opposed to said second convergence-type rod lens; and

wherein the difference between specific refractivities of the center and a 

periphery of each of said first and second graded-index optical fibers is not less than 

0.5 % but less than 1.5 %.

The invention further discloses a method of manufacturing an optical fiber 

functional device, the method comprising the steps of:

[U
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connecting concentrically a single-mode optical fiber for processing a light 

beam, through melting, to a graded-index optical fiber having a diameter not less than 

that of said single-mode optical fiber but not more than two times of that of said single­

mode optical fiber;

5 cutting off said graded-index optical fiber to a length including an allowance

for finishing;

holding said single-mode optical fiber and said graded-index optical fiber 

concentrically connected to each other by a ferrule which is made of a transparent

·’*·*; glass; and
• ·β

io polishing optically a cut-off end of said graded-index optical fiber held by said
• · · ·

• ••J ferrule so that said graded-index optical fiber has a prescribed length.

• · Since the graded-index optical fiber (GI fiber) of each of the optical fiber
• > · · *

’’’* collimators provided in accordance with the present invention functions as a lens
ι

because of the radial distribution of the refractive index of the fiber, it is connected to 

15 the single-mode optical fiber (SM fiber) to form the collimator. The graded-index fiberrt « »
9 » ·

is manufactured in the vapor axial deposition (VAD) method. One of the reasons for
• · ·

this is that the radial distribution of the refractive index of the graded-index optical
• · ·

fiber can be smoothly changed in the VAD method. The other of the reasons is that 

since the VAD method does not include a solidification step included in other

9 » · ·• · ·• · ·
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chemical vapor deposition method (MCVD method, OVD method, PCVD
method etc .), the refractive index of the graded-index optical
fiber does not decrease at the center of the fiber, which makes
the lens to have the little loss of light. When the difference

5" between the specific refractivities of the center and periphery
of the graded-index optical fiber is 0.2% or more, it functions
as a lens .

It is preferable that the diameter of the graded-index
optical fiber is made larger than that of the single-mode

/0 optical fiber. If the former diameter is larger than the
latter, more of light transmitted through the latter fiber can
be entered into the former or a larger-diameter beam of
mutually parallel rays can be obtained and it is easier to

• ·
confirm a reference point for setting the length of the former

« a · ·
» · ·
·· ·

• ··
• · ·

♦ ···

·
····

/5* fiber at the cutoff thereof. After the cutoff, the cut-off end
of the former fiber can be subjected to polishing or electric

• ···
•

• ·····
• ·

discharge processing, to remove a cutoff-caused defect or Uiie
•

····
• ·· · like from the end to reduce the loss of light in the fiber.

■ · ··
• · ·
• ·

BRIEF DESCRIPTION OF THE DRAWINGS
.··!*. 5o Fig. 1 is a perspective view of a convetional optical

• ··• · ·········
• ·
····

isolator to illustrate the consitution thereof and the light
transmission passage thereof;

Fig. 2 is a sectional view of another conventional
·· ··

• optical isolator to illustrate the constitution thereof and the
• ·• · 55" light transmission pasage thereof;

7
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Fig. 3 shows the contitution of a conventional optical 
fiber collimator;

Fig. 4 shows the constitution of another conventional 
optical fiber collimator;

5" Fig. 5(A) shows the basic constitution of an optical
fiber functional device which is an embodiment of the present 
invention;

Fig. 5(B) shows the refractive index distribution of a 
single-mode optical fiber of the device of Fig. 5;

/o Fig. 5(C) shows the refractive index distribution of a
rod lens of the device of Fig. 5(A);

Figs. 6(A) to 6(D) show the steps of a method of 
producing an optical fiber collimator of the present invention;

Fig. 7 conceptually shows the light transmission 
/g passage in a fiber collimator;

Fig. 8 shows the constitution of an optical isolator to 
which the present invention is applied;

Fig. 9 shows an optical fiber collimator which is an
embodiment of the present invention;

.····. $0 Fig. 10 shows the radial distributions of the specific·· ·
refractivity difference of optical fibers;

• ··• · ··//.’ Fig* 11 shows an optical fiber collimator which is an• ·····
actual example of the present invention;

• · · ·1*’ · Fig. 12 shows an optical fiber collimator which is·· ·• ·.·* another actual example of the present invention;

8



Fig. 13 shows an optical fiber collimator which is yet 
another actual example of the presen tinvention;

Fig. 14 shows an optical fiber collimator which is yet 
another actual example of the present invention;

Fig. 15 shows an optical fiber collimator which is yet 
another actual example of the invention; and

Fig. 16 shows the relation between the specific 
refractivity difference and scattering loss.

DETAILED DESCRIPTION OF THE INVENTION

• ·
• · · · ····

····

• ·♦ • ·• · · · • · · ·

• · · ·• · · · • ··· ·• · ·• ··

/0 Preferred embodiments of the present invention will be
described with reference to the drawings attached hereto. The 
technical essence of the present invention is that instead of 
a conventional lens, a rod lens having a diameter not largely 
different from an outer diameter of an optical fiber is

/5" integrally connected to the optical fiber in a fiber collimator 
mechanism.

FIG. 5(A) shows the basic constitution of an optical 
fiber functional device which is one of the embodiments. The 
device includes an optical fiber 1 having a core 1-1 and a 
cladding 1-2 surrounding the core, and a convergence-type rod 
lens 2A connected to the fiber. The fiber 1 is a single-mode 
optical fiber. The refractive indices n of the core 1-1 and 
cladding 1-2 of the fiber 1 are distributed stepwise as shown 
in FIG. 5(B). Symbol Δη shown in FIG. 5(B) denotes the 
specific refractivity difference of the fiber 1. The rod lens

9



2A is made of a graded-index optical fiber and is connected to 
the single-mode optical fiber 1. The refractive index n of the 
lens 2A is distributed as shown in FIG. 5(C).

A method of manufacturing the optical fiber functional 
S' device by connecting the rod lens 2A of gradded-index optical 

fiber to the single-mode optical fiber 1 will be described with 
reference to FIGs 6(A) to 6(D). The diameter of the core 1-1 
of the fiber 1 is about 10 gm, while the outside diameter of 
the cladding 1-2 thereof is 125 gm. The diameter of the core

10 of the graded-index optical fiber 2, from which the rod lens 2A 
is made, is 125 gm to 250 gm, while the outside diameter of tne 
cladding is 250 gm or less.

For the manufacturing, the optical fibers 1 and 2 are
.. first aligned to each other as shown in FIG. 6(B), and are then

’*·*; /s' connected to each other through melting as shown in FIG. 6(B).
• ·• ·

·’’’ Since the diameters of the fibers 1 and 2 do not have such a·· · ····
....: large difference between themselves that one of the diameter is• ·

two times larger than the other or is equal to or less than a
.. ,, half of the latter, arc discharge or the like can be used for• · *• ·

$0 the melting to make it easy and high in reliability.
After the connection, the graded-index optical fiber 2• ··• · ·

’.ίίί to be formed into the rod lens is cut off with an allowance by• ·····
a cutter 3, as shown in FIG. 6(C), so that a fiber collimator

• · · ·
ϊ” * of appropriate length can be constituted. The assembly of the• · ·• · ·• · ·

37 fibers 1 and 2 is thereafter held in a ferrule 4 which is made

10



of a transparent glass, as shown in FIG. 6(D). The cut-off end 
of the fiber 2 is then polished so that it has a prescribed 
length as the rod lens 2A. Since the ferrule is made of a 
transparent glass, the length of the lens can be measured from

5" the outside by using a microscope or a projector. If the 
collimator is used to form an optical isolator described 
hereinafter, the polished end is provided with a coating for 
preventing the reflection of light on the end under air.

The reason why the diameter of the core of the graded-
/0 index optical fiber 2 is set at 125 pm or more is that the 

larger the diameter is, the larger the diameter of a light beam
transmitted through the rod lens 2A can be made. If the
diameter were more thhn 250 pm, it would be difficult to
connect the fibers 1 and 2 to each other through melting. It

'*·*: /5* is preferable that the specific refractivity difference Δη of
• ·

’··· the fiber 2 is 0.5% or more but is less than 1.5%. If the• · · ·• · ·
difference is less than 0.5%, the diameter of the light beam in« ·

.:**· the rod lens 2A becomes larger to make the beam likely to
., undergo abnormal scattering under the influence of the spatial

» · ·
k ·

.••j·. 2o irregularity of the refractive index distribution of the outer • · ·
portion of the rod lens 2A. If the difference is 1.5% or more,• · ·• · ·
the spatial irregularity of the refractive index distribution• ·• · · ·
of the rod lens 2A becomes larger even at the center thereof

β · · ·
·’* ’ due to the process of manufacturing of the lens to increase theo · ·• · · ·’ Q5 scattering of the light beam in the lens.

11



Fig. 16 shows the relation between the specific 
refractivity difference Δη and the scattering loss.

Incidentally, in Fig. 5(D), the ferrule 4 has an inlet 
5 through which an adhesive for securing the fiber 1 and the

5" rod lens 2A to the ferrule 4 is introduced. It is preferable 
that the ferrule 4 is made of a transparent glass which makes 
it possible to measure the length of the rod lens 2A v?hile 
polishing the cut-off end thereof.

It is possible that a reflection preventive coating 6
10 is provided on the end of the rod lens 2A made of the graded- 

index optical fiber 2 and connected to the end of the single­
mode optical fiber 1, and the coatings 6 of a pair of such 
assemblies are opposed to each other to form the fiber

. collimator, as shown in FIG. 7 which conceptually indicates the
’’j I5~ transmission of light through the corlimator. Since the
» ·

·’ refractive index of the rod lens 2A of the light sending• · ·ft
..: assembly is continuously decreased from the center of the lens
::*· toward the periphery thereof, the light transmitted through the
., core 1-1 of the optical fiber 1 of the assembly is curved inft · ft
•j·. «b the rod lens so that the rays of the light go out in parallel • ·

with each other from the assembly at the reflection-prevented• ·• ·
Hl end thereof. The parallel rays of the light are thereafter
»ft ft ·

received by the light receiving assembly at the end of the rod
ft ft ·
*’ · lens 2A thereof through a functional optical element disposed• ft ·ft ft• ft ft between the assemblies but not shown in FIG. 7, and are

12
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transmitted to the optical fiber 1 of the light receiving 
assembly through the rod lens 2A.

FIG. 8 shows the constitution of the optical isolator 
employing such assemblies of optical fibers 1 and rod lenses 

f 2A. The optical fibers 1 have the same dimensions as that
shown in FIG. 6 and are connected to the rod lenses 2A. Each 
of the rod lenses 2A is 125 gm in diameter, 1% in specific 
refractivity difference, and 0.77 mm in length. Two parallel 
flat plates 7 of rutile crystals, a haIf-wavelength plate 18

/0 and a Faraday-effeet rotator 19 are disposed between the 
assemblies as shown in FIG. 8. The mutually opposed ends of 
the rod lenses 2A and both the sides of each of the optical 
elements 7, 18 and 19 are provided with to-air reflection
preventive coatings for a wavelength of 1.55 gm.

)ζ The optical operation of such an optical isolator is
known to the public, and is therefore not described herein. 
When the properties of the isolator shown in FIG. 8 were 
actually evaluated, it turned out that the isolator was as good 
as 0.60 dB in the loss of light in the forward direction and 40 
dB in isolation. Besides, the isolator was actually so compact 
that it was 6 mm in diameter and 20 mm in length.

Although the optical isolator is described above as an 
example of application of the embodiment, it is not confined 
thereto but may be applied to the parallel-ray beam converters 
of various optical-fiber communication appliances or the like.

13
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FIG. 9 shows an optical fiber collimator according to 
the present invention. The collimator includes single-mode 
optical fibers 211 and 212, and graded-index optical fiber 
lenses 213 and 214 manufactured in the VAD method. The lenses 

5~ 213 and 214 are virtually concentrically connected to the 
fibers 211 and 212 through melting, respectively, and opposed 
to each other. The length of each of the lenses 213 and 214 is 
such that the rays of light transmitted through the fiber 211 
or 212 connected to the lens are made parallel with each other. 

/0 Fig. 10(A) shows the radial distribution of the
specific refractivity difference of a graded-index optical 
fiber manufactured in the VAD method. FIG. 10(B) shows the 
radial distribution of the specific refractivity difference of 
a graded-index optical fiber manufactured in the MCVD (modified 

IE chemical vapor deposition) method. The difference of the 
latter fiber decreases at the center of the core of the fiber.
However, the difference of the former fiber makes a change 
expressed by a function of nearly the square of the radius of 
the fiber. For that reason, the former fiber effectively

Jo operates as a lens. It is preferable that the difference has 
a distribution expressed by a function of 1.7-th to 2.5-th 
power of the radius of the fiber, because it is relatively easy 
to generate collimated light with the distribution. If the 
difference has a distribution expressed by a function of less 
than 1.7-th power of the radius of the fiber, collimated light

14



is likely to diverge. If the difference has a distribution 
expressed by a function of more than 2.5-th power of tha radius 
of the fiber, the collimated light is likely to converge. 
Example 1

• · · ·• · ·0 · ·

• · · ·• · · ·
» ·• · · ·

fi A single-mode optical fiber which consisted of a core
of 8 μπι in diameter and an outer portion of 125 μιη in outside 
diameter and had a specific refractivity difference of 0.35% 
between the core and the cladding, and a graded-index optical 
fiber which was manufactured by the VAD method and had a 

lO diameter of 130 μπι, a specific refractivity difference of 0.7% 
between the center and periphery of the fiber, and a specific 
refractivity distribution expressed by the square of the radius 
of the fiber were concentrically connected to each other 
through melting under electric discharge heating. The graded-

/5" index optical fiber was thereafter cut off to a length of 0.9 
mm plus/minus 10 μπι. The cut-off end of the fiber was cleaned 
by electric discharge heating so that the fiber operated as a 
graded-index optical fiber lens. A pair of the assembly of the 
single-mode optical fiber and the graded-index optical fiber

30 lens were opposed to each other to form an optical fiber 
collimator of the same constitution as that shown in FIG. 9. 
When the lenses of the collimator were opposed to each other 
across an air gap of 2.5 mm, the loss of light in the 

collimator was 0.2 dB.
$5" Example 2

15



FIG. 11 is a plan view of an optical fiber collimator 
which is example 2 and includes single-mode optical fibers 211 
and 212, graded-index optical fiber lenses 213 and 214, silicon 
bases 215 and 216, spacers 217 and 218, and alignment pins 219 

ζ and 220. The silicon bases 215 and 216 have V-grooves shaped 
so that the axes of the single-mode optical fibers 211 and 212 
and graded-index optical fibers coincide with each other when 
they are put in the V-grooves. The bases 215 and 216 have 
other grooves provided at both the sides of the V-grooves so

/0 that graded-index optical fibers secured in the latter grooves 
are concentrically opposed to each other when the alignment 
pins 219 and 220 are put in the former grooves to combine the 
bases together.• ·

.··;·. To manufacture the collimator, the graded-index optical• · ·• · · /5" fibers, which were the same as those in Example 1, were secured
• · · ·

. in the V-grooves of the silicon bases 215 and 216, and then
• ·
.:.. each was cut off to a thickness of 1.0 mm by a precision • · · · **

cutting machine. Both the ends of the fibers were thereafter• · · ·• · ·
polished so that they constituted the graded-index optical

• · ·
&Q fiber lenses 213 and 214 each having a thickness of 0.9 mm

• · ·
r··’·’ plus/minus 3 μη. The single-mode optical fibers 211 and 212 • · · ·• ·• · · · were then secured in the other V-grooves of the silicon bases
·*·”: 215 and 216 concentrically to the lenses 213 and 214. After
• · ·• · ·• ·· that, the alignment pins 219 and 220 were put in the grooves of

$5" the bases 215 and 216 at both the sides of the V-grooves
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thereof so that the bases were secured to each other with the 
spacers 217 and 218 each having a length of 2.5 nun and disposed 
between the bases, and the fibers 211 and 212 and the lenses 
213 and 214 were concentric to each other. The loss of light

5" in the collimator with the lenses 213 and 214 opposed to each 
other across an air gap of 2.5 mm was 0.2 dB .
Example 3

FIG. 12 shows an optical fiber collimator which is 
example 3 and includes single-mode optical fibers 211 and 212,

/0 and graded-index optical fiber lenses 213 and 214. To 
manufacture the collimator, the single-mode optical fibers 211 
and 212 were concentrically connected to both the ends of a 
graded-index optical fiber 221 of 4.3 mm in length through• ·

»··;·, melting, as shown in FIG. 12(A). The fibers 211, 212 and 221• c ·• · ·
fS~ were then put in the V-grooves of a silicon base 222, and

• · · ·
, secured by a securing member 223 and an adhesive 224, as shown

• ·
in FIG. 12(B). The length of the securing member 223 was made

• · '4 ·

equal to that of the fiber 221 so that the points of cutoff• · · ·• · ·
thereof after the securing can be confirmed. The 2.5-mm-length• · ·• · ·
intermediate portion of the fiber 221 was thereafter removed by

• · ·
•.ί..· the cutoff thereof. Generally speaking, the length of the• · · ·• ·

fiber 221 was equal to the sum of two times of the length of
···**; the lens and the collimate length. The length of the removed 
• · ·

*· ·· intermediate portion of the fiber is the collimation length.

The graded-index optical fiber lenses 213 and 214 connected to

17



the single-mode optical fibers 211 and 212 through the melting 
were thus made of the remaining portions of the cut-off fiber 
221, as shown in FIG. 12(C). The loss of light in the 
collimator with the lenses 213 and 214 opposed to each other

5" across an air gap of 2.5 mm was 0.2 dB.
Example 4

Although the graded-index optical fiber and single-mode 
optical fiber of each of the collimators of examples 1, 2 and 
3 were connected to each other through melting, the fibers

/0 might not be connected to each other through the melting but by 
an optical connector as described from now on.

FIG. 13 shows an optical fiber collimator which 
includes single-mode optical fibers 211 and 212, graded-index• ·

.··;·. optical fiber lenses 213 and 214 concentrically opposed to each • · ·• · ·
/□" other, and optical connectors 225 and 226. The fiber 211 and

• · · ·
the lens 213 were connected to each other by the optical

• ·
.,;··· connector 225 composed of portions 225A and 225B. The other 

fiber 212 and the other lens 214 were connected to each other• · · ·• · ·
.... by the other optical connector 226 composed of portions 226A• · ·

Qq and 226B.
• · ·

Example 5• · · · 1• ·• c · ·
FIG. 14 shows an optical fiber collimator which

;··**: includes single-mode optical fibers 211 and 212, and graded-
• · ·• · ·• *· index optical fiber lenses 213 and 214 concentrically opposed 

5,7 to each other, and an optical connector 227 composed of
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portions 227A, 227B and 227C and connecting the fiber 211 and 
the lens 213 to each other and the other fiber 212 and the
other lens 214 to each other. The constitution of the 
collimator corresponds to that of the collimator shown in FIG.

S’ 12.
Example 6

FIG. 15 is a plan view of a multi-line optical fiber 
collimator which is a modification of that shown in FIG. 11, 
and includes single-mode optical fibers 211A, 211B, 211C, 211D,

/0 212A, 212B, 212C and 212D, graded-index optical fiber lenses 
213A, 213B, 213C, 213D, 214A, 214B, 214C and 214D, spacers 217 
and 218, alignment pins 219 and 220, and silicon bases 228 and 
229. The fibers 211A, 211B, 211C and 211D were concentrically 
connected to the lenses 213A, 213B, 213C and 213D,

IF respectively. The other fibers 212A, 212B, 212C and 212D were 
concentrically connected to the other lenses 214A, 214B, 214C 
and 214D, respectively. The alignme'nt pins 219 and 220 were 
put in the V-grooves of the bases 228 and 229 so that they were 
coupled to each other with the spacers 217 and 218, and* the 

go former lenses were opposed to the latter lenses across a

prescribed gap.
As described above, in an optical fiber functional 

device provided in accordance with the present invention, 
single-mode optical fibers for processing a light beam are 
concentrically connected at the mutually opposed ends of the

19



fibers to convergence-type rod lenses each having a prescribed 
length and made of a graded-index optical fiber of a diameter 
not less than that of the former fiber but not more than two 
times of the latter diameter, so that the component is simple 

sg and compact in constitution and high in reliability. The 
invention can be effectively applied to the optical isolator of
an optical fiber amplifier in particular.

Also, in an optical fiber collimator provided in
accordance with the present invention, graded-index optical 

/0 fibers manufactured in the VAD method are concentrically 
connected as convergence-type rod lenses to the mutually 
opposed ends of single-mode optical fibers for processing a 
light beam, so that the collimator is constituted to be simple 
and compact. The construction of the collimator can be applied 

15" to an optical isolator or the like, in which a component is
disposed between optical fibers.

20
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The claims defining the invention are as follows:

1. An optical fiber functional device for processing a light beam passing 
between optical fibers, the device comprising:

5 a first single-mode optical fiber concentrically connected to a first

convergence-type rod lens made of a graded-index optical fiber; and

a second single-mode optical fiber concentrically connected to a second 

convergence-type rod lens made of a graded-index optical fiber, said first convergence- 

type rod lens being opposed to said second convergence-type rod lens; and
1 o wherein the difference between specific refractivities of the center and a

periphery of each of said first and second graded-index optical fibers is not less than 
0.5% but less than 1.5%.• · *·• · o

2. An optical fiber functional device as claimed in claim 1, wherein the

(15 distribution of the refractive index of each of said first and second graded-index optical

......... j fibers is expressed as a function of 1.7-th to 2.5-th power of a radius of said respective
• ·
.... graded-index optical fibers.

• · · ·

3. An optical fiber functional device as claimed in claim 1, wherein said 

20 graded-index optical fibers are located in V-grooves of bases so that said graded-index

.. optical fibers are aligned with each other with spacers through the use of alignment
9 · · .pins.• · · « -Γ• ·• · ·

.. 4. An optical fiber functional device as claimed in claim 1, wherein a» ·
”” 25 diameter of said graded-index optical fiber is not less than that of said single-mode

optical fiber but not more than two times of said diameter.

·· · · •99
« · 9

30

35

5. An optical fiber functional device as claimed in claim 1, wherein the 
diameter of said single-mode optical fiber is about 125 pm to 250 pm.

6. A method of manufacturing an optical fiber functional device, the 

method comprising the steps of:

connecting concentrically a single-mode optical fiber for processing a light 

beam, through melting, to a graded-index optical fiber having a diameter not less than 
that of said single-mode optical fiber but not more than two times of that of said single­

mode optical fiber;

cutting off said graded-index optical fiber to a length including an allowance 

for finishing;

iU
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holding said single-mode optical fiber and said graded-index optical fiber 
concentrically connected to each other by a ferrule which is made of a transparent 
glass; and

polishing optically a cut-off end of said graded-index optical fiber held by said 

5 ferrule so that said graded-index optical fiber has a prescribed length.

7. A method of manufacturing an optical fiber functional device as 

claimed in claim 6, further comprising the step of cleaning a cut-off end of said graded- 
index optical fiber by electric discharge heating.

1 o DATED this Twenty-eighth Day of June 1995

Sumitomo Electric Industries, Ltd.
* * I *. Patent Attorneys for the Applicant

• · ’ SPRUSON & FERGUSON
• ·

0 0 0«

n · ·
β

■ ·-· ·
• · · ·

» · ·

0 0 0 0

0 0 0 0 
0 0Θ

0 0 0

• 0 0 
0 · 0

0 0 0 0

00 0 0 
• 0 0

00 0

0 0 0 
0 « 0

0 0 0

|N.\!ibM0O197;&FD



4

Λ

Optical Fiber Functional Device 
ABSTRACT

In an optical fiber functional device for processing a light beam between 
optical fibers (1), single-mode optical fibers (1) for processing the

5 light beam are concentrically connected at the mutually opposed ends to 
convergence-type rod lenses (2A) each having a prescribed length and made 
of a graded-index optical fiber (1).

Figure 5A.
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