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[Page 1 of 5, Cover page, below the above]
(54) [Title of the Invention] Optical connection element and optical connection

device

[Page 1 of 5, Cover page, Column 1]
(57) [Scope of the Claims]

[Claim 1] An optical connection element characterized in that

it is provided with a planar monochromatic light source array wherein plural light emitting
portions are integrally array-formed, a planar lens array wherein plural lens portions are
integrally array-formed such that each is in a planar position one-to-one corresponding to each of
the above-mentioned light emitting portions and wherein each of the above-mentioned light
emitting portions is placed at the focal position of each of the lens portions in order for the light
from each of the above-mentioned light emitting portions to be collimated, a lens having an
aperture equal to or greater than the area encompassing the above-mentioned lens array and
converging the lights emitted from the above-mentioned individual lens portions, and a single
optical fiber into one end of which the converged lights from the above-mentioned individual
lens portions are entered and are transmitted through the inside thereof.

[Claim 2] An optical connection element as described in Claim 1 wherein the above-

mentioned plural light emitting portions emit lights each of which has a wavelength differing
from others.

[Claim 3] An optical connection element as described in Claim 1 or 2 wherein the above-

mentioned planar monochromatic light source array is of surface emitting lasers and the above-
mentioned lens array is of flat-sheet microlenses.

[Page 1 of 5, Cover page, Column 2]
[Claim 4] An optical connection element characterized in that a wavelength multiplexing

switch is composed of a planar monochromatic light source array wherein plural light emitting
portions are integrally array-formed and each of the light emitting portions emits light having a
wavelength differing from others, a lens array wherein plural lens portions are integrally array-
formed each of which corresponds to the above-mentioned respective light emitting portion and
each of the lens portions collimates the light from each of the above-mentioned light emitting
portions, a lens for converging lights emitted from the above-mentioned individual lens portions,
a single optical fiber into one end of which the converged lights by the above-mentioned lens are
entered and are transmitted through the inside thereof, an optical branching device connected to
the other end portion of the above-mentioned optical fiber and for branching the lights
transmitted, optical demultiplexers for separating the branched lights into lights each of which
has each wavelength, light receiving elements for receiving the demultiplexed lights, and
arithmetic circuits for performing logical operations based on the light at each of the light
receiving elements.

[Detailed Description of the Invention]

Opticis Co., Ltd. IPR Exhibit 1004 - Page 7



[Page 2 of 5, Column 3]
[0001]

[Field of Industrial Application] The present invention relates to light connection elements and

light connection devices for inputting laser lights into and outputting them out of optical fibers
that are used with multistage switching networks inside optical computers and switchboards, and
with optical communications, laser processing, etc.

[0002]

[Conventional Technology] In the field of wavelength multiplexing optical communications

and in the field requiring high outputs such as laser processing, it may be necessary to couple
lights emitted from plural light sources into a single fiber. Conventionally, as illustrated in FIG.
4, a method employed has been that, after the lights from individual monochromatic light sources
110 are individually focused with lenses 120 and are individually coupled to optical fibers 130,
the lights from individual optical fibers 130 are coupled by an optical multiplexer 140, which are
multiplexed into a single optical fiber 150.

[0003] FIG. 5, for example, is an example of a wavelength multiplexing switch using

wavelength multiplexing technology, which is that the lights from monochromatic light sources
210 are inputted into electric control optical modulators 220 and optical control optical
modulators 260 and that the modulated lights by them respectively are multiplexed with an
optical multiplexer 230 to be transmitted. The composition is such that the lights transmitted are
branched off with an optical branching device 240, and inputted into filters 250 and 270 and light
receiving elements 280.

[0004]

[Problem to be Solved by the Invention] As such, while with the conventional light connection

element the lights from plural monochromatic light sources are focused and multiplexed with
separate individual optical systems and coupled to a single optical fiber, it presented a problem
of an increased number of parts in order to build separate optical systems resulting in high
optical losses in order to allow the lights to pass through these parts. And, on account of a large
number of parts being needed, it increases installation man-hours, and presents a problem in
terms of the cost aspect as well.

[0005]

[Object of the Invention] The object of the present invention is to provide light connections

elements and light connection devices by attempting to reduce the number of component parts
and the costs as well as attempting to hold down optical losses.

[0006)

[Means to Solve the Problem] The composition of the light connection element according to

the present invention is set forth as being provided with a planar monochromatic light source
array wherein plural light emitting portions are integrally array-formed, a planar lens array
wherein plural lens portions are integrally array-formed such that each is in a planar position

Opticis Co., Ltd. IPR Exhibit 1004 - Page 8



one-to-one corresponding to each of the above-mentioned light emitting portions and wherein
each of the above-mentioned light emitting portions is placed at the focal position of each of the
lens portions in order for the light from each of the above-mentioned light emitting portions to be
collimated, a lens having an aperture equal to or greater than the area encompassing the above-
mentioned lens array and converging the lights emitted from the above-mentioned individual
lens portions, and a single optical fiber into one end of which the converged lights from the
above-mentioned individual lens portions are entered and are transmitted through the inside
thereof.

[0007] Here, plural light emitting portions may be composed as a planar monochromatic light

source array wherein they emit lights each of which has a wavelength differing from others.
And, specifically, a planar monochromatic light source array and the lens array are composed of
surface emitting lasers and of flat-sheet microlenses respectively.

[Page 2 of 5, Column 4]
[0008] And, the wavelength multiplex switch as the light connection device according to the

present invention is composed of a planar monochromatic light source array wherein plural light
emitting portions are integrally array-formed and each of the light emitting portions emits light
having a wavelength differing from others, a lens array wherein plural lens portions are integrally
array-formed each of which corresponds to the respective light emitting portion and each of the
lens portions collimates the light from each of the light emitting portions, a lens for converging
lights emitted from the individual lens portions, a single optical fiber into one end of which the
converged lights by the above-mentioned lens are entered and are transmitted through the inside
thereof, an optical branching device connected to the other end portion of the above-mentioned
optical fiber and for branching the lights transmitted, optical demultiplexers for separating the
branched lights into lights each of which has each wavelength, light receiving elements for
receiving the demultiplexed lights, and arithmetic circuits for performing logical operations
based on the light at each of the light receiving elements.

[0009]
[Operation] As the lights emitted at the light emitting portions of the planar monochromatic

light source array are each collimated at the lens portions of the lens array to be made into
parallel beams, and as the individual beams are converged on one point with the lens to be
entered into one end portion of a single optical fiber, the lights from the individual light emitting
portions entered are multiplexed to become integrated to be transmitted through the above-
mentioned single optical fiber.

[0010]

[Examples] Next, the examples according to the present invention will be described with

reference to the drawings. FIG. 1 is a conceptual configuration diagram for one example of
optical multiplexer as light connection element according to the present invention. This optical
multiplexer is composed of a planar monochromatic light source array 10 with surface emitting
lasers, etc., a lens array 20 with flat-sheet microlenses, etc., a lens 30 for converging the lights

Opticis Co., Ltd. IPR Exhibit 1004 - Page 9



from the lens array, and an optical fiber 40. Plural light emitting portions 11 of the planar
monochromatic light source 10 and plural lens portions 21 of the lens array 20 are placed at
respectively corresponding planar positions. As for the lens 30, that having an aperture equal to
or greater than the area encompassing the individual light emitting portions 11 of the above-
mentioned planar monochromatic light source array 10 and the individual lens portions 21 of the
lens array 20 is used.

[0011] And, by correspondingly placing the light emitting portions 11 of the planar

monochromatic light source array 10 at the focal positions of the individual lens portions 21 of
the lens array 20, the lights from the individual light emitting portions 11 are collimated with the
lens portions 21 of the lens array 20 to be made into parallel beams, and the individual beams are
converged at one point with the lens 30 to be entered into one end portion of the optical fiber 40.
It results in the lights from the individual light emitting portions 11 entered being multiplexed to
become integrated to be transmitted through the optical fiber 40.

[0012] Therefore, with this optical multiplexer, as compared to the optical multiplexer shown

in FIG. 4, a lens array 20 is used in lieu of individual lenses and individual optical fibers become
unnecessary, and, further, on account of the use of lens 30 in lieu of an optical multiplexer, the
number of component parts is reduced. In particular, when the number of monochromatic light
sources is large, it results in that reduction effect becoming marked. And, in addition to this, in
the process up to the lights from monochromatic light sources being multiplexed at the optical
fiber, on account of the number of components through which each of the lights is passed
through being small, it becomes possible to hold down optical losses.

[Page 3 of 5, Column 5]
[0013] FIG. 2 being a conceptual configuration diagram for the second example according to

the present invention, in this example, an example of an optical multiplexer for multiplexing
differing monochromatic lights is shown. This optical multiplexer is composed of a planar
monochromatic light source array 10A integrally having plural light emitting portions 11 each of
which is of a different wavelength, a lens array 20 integrally having plural lens portions 21
corresponding to the above-mentioned individual light emitting portions 11, a lens 30 for
converging the lights from the above-mentioned individual lens portions 21, and an optical fiber
40. As to the above-mentioned planar monochromatic light source array 10A, the wavelength of
the light emitted from each of the light emitting portions 11 can be varied with the composition
of an active layer and the length of a resonator being fabricated while being controlled partially
and individually, for example. As for the lens array 20, the lens 30, and the optical fiber 40, the
same ones as in the first example shown in FIG. 1 may be utilized.

[0014] With this optical multiplexer, the lights of differing wavelengths A1 through A9 from
the individual light emitting portions 11 of the planar monochromatic light source array 10A are
individually collimated with the individual lens portions 21 of the lens array 20 to be made into
parallel beams, which are subsequently converged into one point with the lens 30 and entered
into one end of the optical fiber 40. This allows the wavelength-multiplexed lights of the
individual lights of the wavelengths A1 through A9 to be transmitted.
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[0015] FIG. 3 being a conceptual configuration diagram for the element in the third example

according to the present invention, this one is an example whereby a light connection device is
composed as a 4 X4 wavelength multiplexing switch. This multiplexing switch is provided with
a planar monochromatic light source array 10A wherein plural light emitting portions 11 having
fixed oscillation wavelengths are arrayed, a lens array 20 having plural lens portions 21
corresponding to the individual light emitting portions 11, a lens 30 for focusing the lights from
the individual lens portions 21, and an optical fiber 40, this composition being set forth to be
similar to the second example shown in FIG. 2. And, at the other end of the above-mentioned
optical fiber, there is a composition of an optical branching device 50 such as a star coupler,
optical multiplexers 60 composed of diffraction grating, a light receiving element array 70
wherein silicon PIN detectors are one-dimensionally arrayed, and arithmetic circuits 80 for
deciphering the signals optically-received by the individual light receiving elements.

[0016] With this wavelength multiplexing switch, when the signals from the individual input

channels are correspondingly inputted to the individual light emitting portions 11 of the planar
monochromatic light source array 10A, they are converted into lights of differing wavelengths of
A1 through A4 at the individual light emitting portions which are collimated with the lens array
20, converged onto one end of the optical fiber 40 with the lens 30, and coupled to the optical
fiber 40 to be propagated through the inside of the optical fiber 40. The lights propagated
through the optical fiber 40 are branched off at the other end thereof into as many as the number
of channels with the optical branching device 50, and at the branching-off end they are separated
into individual wavelengths with the optical branching devices 60 and entered into the light
receiving element array 70. As to the signals optically received by the light receiving element
array 70, the address signals are deciphered by the arithmetic circuits 80.

[0017] Therefore, with this wavelength multiplexing switch as well, on the input side of the

optical fiber 40, in particular, on account of it being composed of a planar monochromatic light
source array 10A, a lens array 20, and a lens 30, each being singular,

[Page 3 of 5, Column 6]

as the number of component parts is small and, further, the number of optical elements through
which the lights from individual light emitting portions 11 of the planar monochromatic light
source array 10A pass is small, a low cost and low loss multiplexing switch is composed.

[0018] Here, each of the above-mentioned examples illustrates one example of the present

invention, and it is possible to apply the present invention as light connection elements or light
connection devices in various optical devices that would require a composition that would allow
plural lights to be multiplexed to be entered into a single optical fiber.

[0019])

[Effects of the Invention] As described above, with the present invention, it results in the

lights emitted at the individual light emitting portions of a planar monochromatic light source
array wherein plural light emitting portions are integrally array-formed being collimated at the
individual lens portions of a lens array wherein plural lens portions are integrally array-formed,
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converged with a lens, and entered into one end portion of a single optical fiber to be propagated
through the inside thereof. Being as such, even when a large number of lights are multiplexed,
as it results in the number of component parts being small, it presents effects of allowing the
costs for light connection elements being low to be realized as well as lowering the losses due to
transmission.

[0020] And, a wavelength multiplexing switch as a light connection device according to the

present invention can function as a wavelength multiplexing switch by allowing the lights of
differing wavelengths emitted by a planar monochromatic light source array to be transmitted
through a single optical fiber with the above-mentioned light connection elements, branching
them off at the transmission end with an optical branching device and demultiplexing them by
wavelength with an optical demultiplexer, and optically receiving lights of individual
wavelengths and performing logical operations, and, even in this case, it reduces the number of
parts on the part of the composition on the side of entering them into the above-mentioned a
single optical fiber, allowing low costs and low losses to be realized.

[Brief Description of the Drawings]

[FIG. 1] Itis a conceptual configuration diagram of the optical connection element in the first
example according to the present invention.

[FIG. 2] It is a conceptual configuration diagram of the optical connection element in the
second example according to the present invention.

[FIG. 3] Itis a conceptual configuration diagram of the optical connection element in the third
example according to the present invention.

[FIG. 4] Itis a conceptual configuration diagram of one example of the conventional optical
connection element.

[FIG. 5] It is a configuration diagram of one example of the conventional wavelength
multiplexing switch.

[Description of Reference Numerals])

10, 10A Planar monochromatic light source array
11 Light emitting portions

20 Lens array

21 Lens portions

30 Lens

40 Optical fiber

50 Optical branching device

60 Optical demultiplexer

70 Light receiving element array

80 Arithmetic circuits
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[Page 4 of 5]
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CERTIFICATE OF ACCURACY

This is to certify that the attached translation, from Japanese to English, is an accurate translation
of the document.

‘Document: JP2848279
Date of Document: January 20, 1999

I, Shozo Otani, declare under the penalty of perjury that I understand the Japanese language and
the English language and that, to the best of my knowledge and belief, the statements in the
English language in the attached translation have the same meanings as the statements in the
izinal document, a copy of which I have examined.

Shozo Ot
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