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An optical module 31 Is provided in which a wavelength division element 32 such as an optical multi-layer film or diffraction
grating Is united between the sides of lens blocks 3 of optical module units 1 and 6 opposed to optical fiber blocks 2. Only light
with a wavelength Ai among light (wavelength components: A1, A 2...An) from an optical fiber 41 is transmitted through the
wavelength division element 32 and enters an optical fiber 42 of the optical module unit 6. On the other hand, the light

(wavelength components: A1, A2...An-A)) reflected at the wavelength division element 32 is taken out of an optical fiber 43 of the
optical module unit 1.
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ABSTRACT OF THE DISCLOSURE

An optical module 31 is provided in which a wavelength division element
32 such as an optical multi-layer film or diffraction grating 1s united between the

sides of lens blocks 3 of optical module units 1 and 6 opposed to optical fiber blocks 2.

Only light with a wavelength Ai among light (wavelength components: Al, A2--An) from
an optical fiber 41 is transmitted through the wavelength division element 32 and enters
an Optical fiber 42 of the optical module unit 6. On the other hand, the light (wavelength

components: Al, A2--An-Ai) reflected at the wavelength division element 32 is taken out

of an optical fiber 43 of the optical module unit 1.
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OPTICAL MODULE UNIT

AND OPTICAL MODULE EMPLOYING THE OPTICAL MODULE UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical module such as an optical branching

filter or a light switch in WDM communication and an optical module unit forming the

optical module.

2. Description of the Prior Art

A schematic structure of an optical branching filter for use in WDM
communication disclosed in Japanese Unexamined Patent Publication No. 2001-142102
and the like 1s shown in Fig. 8. An outgoing light from an outgoing side optical fiber
100 1s collimated by a lens 101 to have parallel light. This parallel light is then sent to a
branching filter 102. Only light with a wavelength of Ai is transmitted through the
branching filter 102. The transmitted light with the wavelength Ai is then condensed by a
lens 103 and enters an incoming side optical fiber 104. The light with remaining
wavelength (Al, A2--An-Ai) reflected at the branching filter 102 returns again to the

outgoing side optical fiber 100 through the lens 101.

Fig. 8 shows a principle of structure. Practically, as shown in Fig. 9, it is
necessary to cause the light (A1, A2--An-A1) with remaining wavelength reflected at the
branching filter 102 to enter the other optical fiber 105 and take it out. In this case, it is
not possible to hold optical fibers 100, 104 and 105 at right angles to optical fiber blocks
106, 107. Thus, the optical fibers 100, 104, and 105 must be inserted obliquely into the
optical fiber blocks 106, 107.

Obliquely inserting the optical fibers into the optical fiber blocks makes the

assembly difficult and no adjustment can be made.
Now, as shown m Fig. 10, it has also been considered to hold the optical fibers
100, 104 and 105 perpendicular to the optical fiber blocks 106, 107 by employing

refractive index distribution type rod lenses 108, 109.
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By employing the refractive index distribution type rod lens, 1t is possible to
make all the optical axes of optical fibers parallel, but in the case where there are many

input and output, there is a problem that it is difficult to arrange each rod lens precisely.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to solve the above-mentioned
problems and to provide an improved optical module unit and an optical module
employing the unit.

To solve the problems, an optical module unit according to the present
invention is provided, which comprises a pair of lenses and at least one optical fiber,
characterized in that the pair of lenses have the same focal distance and are spaced apart
by the focal distance on a common optical axis to face each other, and that the optical
fiber 1s provided on one side of the pair of lenses.

Another optical module unit according to the present invention 1s provided,
which comprises a plurality pairs of lenses and at least one optical fiber corresponding
to each pair of lenses, characterized in that the pair of lenses have the same focal
distance and are spaced apart by the focal distance on a common optical axis to face
each other, and that the optical fiber is provided on one side of the pair of lenses.

For example, one or two optical fibers are provided for the pair of lenses.
However, the number of the optical fibers can be increased.

Further, the optical fiber is held by an optical fiber block and the pair of lenses
are provided on the opposed surtfaces of the lens block, wherein the optical fiber block
and the lens block can be united to provide an integrated optical module unit which is
supertor in handling.

Still turther, in the opposed surfaces of the lens block where lenses are formed,
the surface of the lens block opposed to the side to which the optical fiber is united is
not perpendicular to the optical axis, but inclined thereto. In this manner, it is possible to

prevent the reflected light from returning to the outgoing optical fiber.

The lens includes a refractive index distribution type lens with refractive index
distribution of a substantially hemispheric shape, a diffraction type lens, a lens formed

by filling high refractive index resin into a substantially hemispheric depression
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provided on the lens block, or a lens by a 2 photopolymer molding method (1.e., the
method whereby ultraviolet-curing resin in an uncured state is press-molded into a
convex lens shape using a stamper, then ultraviolet 1s irradiated on the uncured
ultraviolet-curing resin for curing).

It is desirable that at least one of the opposed lenses is provided with an off-axis
aberration correcting means. The off-axis aberration correcting means includes an
astigmatism application means for denying the astigmatism or making the lens oval

when the lens 1s seen from the optical axis direction.

An optical module employing the optical module unit is constructed in such a
manner that a pair of optical module units i1s provided and an optically functional
member 1s disposed between these optical module units. The optically functional
member includes a wayelength division element such as an optical multi-layer film or

diffraction grating and a switch element such as a laminated film of which the refractive

index is electrically changed.

The optical module (1.e., an optical distributor) can be constructed by providing
the diffraction grating on the surface of one optical module unit opposed to the side to

which an optical fiber is connected.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the present invention
will become more apparent from the following description when taken in conjunction

with the accompanying drawings.

Fig. 1 (a) ~ (e) are views showing types in which a pair of lenses are provided in
optical module units according to the present invention;

Fig. 2 (a) and (b) are views showing types in which a plurality pairs of lenses are
provided n optical module units according to the present invention;

Fig. 3 is a view showing an optical module formed by combining the optical
module unite shown in Fig. 1 (a) and (b);

Fig. 4 a view showing an optical module formed by combining the optical

module units shown in Fig. 2 (a) and (b);
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Fig. 5 is a view showing another embodiment of the optical module;

Fig. 6 is a view showing still further embodiment of the optical module;

Fig. 7 is a view explaining one example of an off-axis aberration correcting
means;

Fig. 8 is a view showing a principle of a conventional optical branching filter;

Fig. 9 is a structural view of the conventional optical branching filter; and

Fig. 10 is a structural view of the conventional branching filter employing a

refractive index distribution type rod lens.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention will now be described with

reference with the accompanying drawings. Fig. 1 (a) ~ (e) are views showing types in
which a pair of lenses i1s provided 1n an optical module unit according to the present
invention. The optical module unit 1 shown in Fig. 1 (a) consists of an optical fiber
block 2 and a lens block 3. Two optical fibers 4, 4 are inserted into the optical fiber
block 2 parallel to an optical axis, while lenses 5, 5 are provided on the opposite sides of
the lens block 3. The lenses 5, 5 have the optical axis in common and have the same
focal distance f. The lenses 5, 5 are also spaced away from each other by the focal
distance f. The optical fiber block 2 and the lens block 3 are united together to provide
the optical module unit 1. When they are united, two optical fibers 4,4 are spaced away
to have the same distance relative to the optical axis.

[n assembling the optical module unit 1, when a reflection film or subsequently
a branching filter is attached to a side of the lens block 3 opposite to the side to which
the optical fiber block 2 is united, the branching filter can also be attached in advance.

Then, the optical fiber block 2 is pressed against the surface of the lens block 3
to which the optical fiber block 2 is united, wherein light is caused to enter from one of
the optical fibers 4. The position of the optical fiber block 2 and the lens block 3 is
adjusted and united so that intensity of the outgoing light becomes strongest or highest

when the incident light outgoes from the other optical fiber 4.
The lenses 5, 5 are formed by i1on diffusion to provide refractive index

distribution of a substantially hemispheric shape or formed by providing the lens block 3

LTS
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with a depression of a substantially hemispheric shape by etching and filling resin of
high refractive index into the depression.

In an optical module unit 6 shown in Fig. 1 (b), one optical fiber 4 is inserted
into the optical fiber block 2, while in an optical module unit 7 shown 1n Fig. 1 (c),
seven optical fibers 4 are inserted into the optical fiber block 2. In this manner, the
number of the optical fibers 4 to be inserted into the optical fiber block 2 1s optional.
However, in the optical module unit 6 shown in Fig. 1 (b), it is to be noted that the
optical fiber 4 is spaced away by the same amount as the optical module unit 1 shown in

Fig. 1 (a) relative to the optical axis.

Referring now to an optical module unit 8 shown 1n Fig. 1 (d), a convex lens 9
made of high refractive index resin 1s formed on one side of the optical fiber block 2 by
a 2 photopolymer molding method. Another convex lens 10 facing the convex lens 9 is
also formed on one side of the lens block 3 by the same 2 photopolymer molding method
as above. The optical fiber block 2 and the lens block 3 are united by an adhesive agent
I 1 made of low refractive index resin (which has almost the same refractive index as the
lens block 3) to provide the optical module unit 8.

An optical module unit 12 which is shown in Fig. 1 (e) is another embodiment in
which the optical module unit 1 shown in Fig. 1 (a) is seen from the direction A. In this
optical module unit 12, a surface of the lens block 3 opposed to a side to which the
optical fitber 4 1s united is not perpendicular to the optical axis, but inclined thereto so
that the retlected light does not return to the outgoing optical fiber 4. In this case, the
end surface of the optical fiber 4 is also cut obliquely according to the inclined surface
of the lens block 3. In the present embodiment, the lens block 3 is divided into two
sections.

Fig. 2 (a) and (b) are views showing a type in which the plural pairs of lenses
are provided in the optical module unit according to the present invention. An optical
module unit 21 shown in Fig. 2 (a) is a type in which the optical module unit | shown in
Fig. I (a) is expanded in a two-dimensional way. The plural pairs of lenses 3, 5 are
provided in the lens block 3 and two optical fibers 4, 4 are inserted into the optical fiber

block 2 corresponding 10 each pair of lenses 5.




10

15

CA 02395111 2002-10-28

An optical module unit 22 shown in Fig. 2 (b) 1s a type in which the optical
module unit 6 shown in Fig. 1 (b) is expanded in a two-dimensional way. One optical
fiber 4 is inserted into the optical fiber block 2 corresponding to each pair of lenses J.

Although not shown here, it is also possible to consider another types in which
the optical module units shown in Fig. 1 (c) ~ (e) are expanded in two-dimensional
ways.

Fig. 3 is a view showing an optical module unit 31 which is formed by
combining the optical module units shown in Fig. 1 (a) and (b). The optical module unit
31 is provided, in which a wavelength division element 32 such as optical multi-layer
film or diffraction grating is united between surfaces of the lens blocks 3 of the optical

module units 1, 6 opposite to the optical fiber block 2.

In assembling the optical module 31, mutual optical axis of the optical module
units 1, 6 is caused to substantially agree in a condition that the wavelength division
element 32 is disposed between the lens blocks 3 of the optical module units 1, 6. Then,
a position where light from an optical fiber 41 of the optical module unit I outgoes at the
highest intensity from an optical fiber 42 of the optical module unit 6 1s fine controlled.
The optival module units 1, 6 are fixedly secured at this position.

According to the optical module 31 shown in Fig. 3, only the light with a
wavelength Ai among light (wavelength components: (Al, A2--An) from the optical fiber
41 of the optical module unit 1 1s transmitted through the wavelength division element
32 and enters the optical fiber 42 of the optical module unit 6. On the other hand, light
(wavelength components: Al, A2--An-A1) reflected at the wavelength division element 32
1s taken out of the optical fiber 43 of the optical module unit 1.

Fig. 4 shows an optical module 51 obtained by combining the optical module
units shown in Fig; 2 (a) and (b). The optical module 51 s provided in which a
wavelength division element 32 1s united between lens blocks 3 of the optical module
units 21, 22 1n the same manner as above. Outgoing optical fibers 41 and incoming
optical fibers 43 are inserted into the optical fiber block 2 of the optical module unit 21
corresponding to each pair of lenses 5. On the other hand, incoming optical fibers 42 are
also inserted into the optical fiber block 2 of the optical module unit 22 corresponding to

each pair of lenses 5.
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According to the optical module 51 shown in Fig. 4, characteristics of the
wavelength division element 32 are caused to change corresponding to each lens so that

the light with different wavelength (Ai-A1) can be taken out from each incoming optical

fiber 42.

Fig. 5 is a view showing an optical module 61 obtained by combining two
optical module units 21 shown in Fig. 2 (a). This optical module 61 is provided with
reflection/transmission change over switch 62 between the optical module units 21, 21.
The reflection/transmission change over switch 62 can use material with an electro-

optical effect of which the refractive index is changed by application of voltage.

The uppermost step section of Fig. 5 shows a retflection condition of the switch
62 and the second step section shows a transmission condition of the switch 62. In the
case of the retlection condition, the light from the optical tiber 41 enters the optical fiber
43, while the light from the optical fiber 44 enters the optical fiber 42. On the other
hand, in the case of the transmission condition, the light from the optical fiber 41 enters
the optical fiber 42, while the light from the optical fiber 44 enters the optical fiber 43.

Fig. 6 1s a view showing an optical module 71 tn which one optical module unit
7 shown 1 Fig. 1 (c) 1s used. The optical module 71 is constructed by affixing
diffraction grating 72 to an end surface of the lens block 3 on the side of the optical
module unit 7 opposite to the optical fiber block 2. This optical module 71 can take out
the light of a different wavelength from each optical fiber 4.

The optical system according to the present invention utilizes concentration of
light at a position away from an optical axis of the lens. Thus, there is inevitably caused
an oft-axis aberration. Accordingly, it is desirable that each lens 5 be provided with a
means for correcting the off-axis aberration.

The off-axis aberration almost consists of astigmatism. Accordingly, the
astigmatism can be corrected by providing the lens with a structure for denying the
astigmatism. For example, in the case of a lens of a type in which a glass board or base
(1.e., lens block) i1s provided with a depression into which high refractive index resin is
embedded, the depression can be made oval as shown in Fig. 7. Thus, a radius of
curvature in the major axis direction and the minor axis direction of this oval can be

changed.




CA 02395111 2002-10-28

As described above, according to the optical module unit according to the
present invention, it is possible to make all the optical axis of the optical fibers parallel
without using a refractive index distribution type rod lens. Accordingly, an optical
module such as an optical branching filter or a light switch used in the optical

5 communication can be easily assembled and adjusted.

Further, even when the number of optical fibers for input and output is

increased, it is possible to cause an optical axis of the optical fiber and the lens to

precisely coincide with each other.
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What is claimed is:

1. An optical module unit comprising a pair of lenses and at least one optical fiber,
characterized in that the pair of lenses have the same focal distance and are spaced apart

by the focal distance on a common optical axis to face with each other, and that the

optical fiber is provided on one side of the pair of lenses.

2. An optical module unit comprising the plural pairs of lenses and at least one
optical fiber corresponding to each pair of lenses, characterized in that the pair of lenses
have the same focal distance and are spaced apart by the focal distance on a common

optical axis to face with each other, and that the optical fiber is provided on one side of

the pair of lenses.

3. The optical module unit according to claim 1 or claim 2, wherein one or two
optical fibers are provided for the pair of lenses and the optical fibers are provided

parallel to and spaced apart a predetermined distance from the optical axis.

4. The optical module unit according to claims I through 3, wherein the optical
fiber is held by an optical fiber block and the pair of lenses are provided on the opposed

surfaces of a lens block, wherein the optical fiber block and the lens block are united

together.

5. The optical module unit according to claim 4, wherein in the opposed surtfaces
of the lens block to which the lenses are provided, the surface of the lens block opposed
to the side to which the optical fiber 1s united 1s not perpendicular to the optical axis, but

inclined thereto.

6. The optical module unit according to claim 4, whcercin the lens is a refractive
index distribution type lens with refractive index distribution of a substantially

hemispheric shape.
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7. The optical module unit according to claim 4, wherein the lens is a diffraction
type lens.
8. The optical module unit according to claim 4, wherein the lens is formed by

filling high refractive index resin into a substantially hemispheric depression provided

on the lens block.

9. The optical module unit according to claims 1 through 3, wherein the optical
fiber is held by the optical fiber block and one of the pair of lenses 1s formed as a convex
lens on one side of the optical fiber block by a 2 photopolymer molding method, while
the other of the pair of lenses is formed on the surface of the lens block opposed

to the remote side thereof, and wherein the optical fiber block and the lens block are

united together.

10. The optical module unit according to claims 1 through 9, wherein at least one of

the opposed-lenses is provided with an off-axis aberration correcting means.

1. The optical module unit according to claim 10, wherein the oft-axis aberration

correcting means is an astigmatism application means for denying the astigmatism.

12. The optical module unit according to claim 10, wherein the off-axis aberration

correcting means i1s made oval when the lens 1s seen from the optical axis.

13. An optical module comprising a pair of optical module units and an optically
functional member disposed between the optical module units, wherein the optical
module units are ones according to claims .1 though 12, characterized in that the

optically functional member is a wavelength division element.

14. The optical module according to claim 13, wherein the wavelength division

element ts an optical multi-layer film or diffraction grating

10
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15. An optical module comprising a pair of optical module units and an optically
functional element disposed between the optical module units, wherein the optical
module units are ones according to claims 1 through 12, characterized in that the

optically functional member is a transmission/reflection change-over switch clement.

16 The optical module according to claim 15, wherein the switch element 1s a

laminated film of which the refractive index is electrically changed.

17. An optical module having diffraction grating provided on the surface of the

optical module unit according to claims 1 through 12 opposed to a side to which the

optical fiber is connected.

11
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FIG. 8
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