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(57) ABSTRACT 

The subject to be attained by the disclosed technique is to 
provide an optical unit less expensive than conventional like 
optical units and having a Wavelength multiplexer and 
optical Waveguides. 
For achieving the above subject there is provided a Wave 
length multiplexer Wherein a light combining/branching 
section is constituted by a multi-mode interference type 
optical Waveguide, and an incident-side optical Waveguide 
and a re?ection-side optical Waveguide are spaced a prede 
termined distance from each other at their connections to the 
multi-mode interference type optical Waveguide. An optical 
?lter is installed in the multi-mode interference type optical 
Waveguide and a multi-mode interference is set so that a 
peak in a light intensity distribution is formed in the vicinity 
of an inlet of each of an exit-side optical Waveguide and the 
re?ection-side optical Waveguide. 
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FIG. 1 

FIG. 2 
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FIG. 3 
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FIG. 5 
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FIG. 7 
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WAVELENGTH MULTIPLEXER AND OPTICAL 
UNIT 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an optical unit 
having optical Waveguides, particularly an optical unit hav 
ing a so-called MMI (Multi-Mode Interference) type optical 
Waveguide. According to the present invention it is possible 
to provide a Wavelength multiplexer of an extremely good 
quality. 
[0002] With the recent development of multi-media com 
munication, including the Internet, studies are becoming 
more and more extensive about WDM (Wavelength Divi 
sion Multiplexing) technique Which is intended to attain a 
high-speed large-capacity communication. As one of optical 
parts Which are important for building a WDM communi 
cation system there is knoWn a Wavelength multiplexer 
Which combines or branches Wavelengths of light having 
plural Wavelengths. Above all, What is attracting attention of 
many concerns from the standpoint of attaining the reduc 
tion of cost and siZe and a high function is a method Wherein 
optical Waveguides using quartZ (glass) or a polymer for 
example and a Wavelength multiplexer are formed on a 
substrate and optical transmitter and receiver are mounted 
thereon to achieve integration. 

[0003] As the Wavelength multiplexer there is knoWn, for 
example, a directional coupler type or a Mach-Zehnder 
interferometer type. Further, in connection With the tech 
nique advantageous to the reduction in siZe of a module, 
there is knoWn, for example, such a technique as is disclosed 
in Japanese Patent Laid Open No. Hei 8-190026 (Article 1). 

[0004] FIG. 1 shoWs a ?lter type Wavelength multiplexer 
described in the above Article 1. In this optical Wavelength 
multiplexer, linear optical Waveguides 1 and 2 are crossed 
and an optical ?lter 4 is disposed in a cross point of the tWo. 
In the illustrated example, a WDM signal is divided into 
re?ected light and transmitted light by utiliZing Wavelength 
transmitting and re?ecting characteristics of the optical ?lter 
4. According to this structure it is necessary to make design 
in such a manner that an intersecting point 3 of the axes of 
the tWo optical Waveguides 1 and 2 Which intersect each 
other at an angle of 20 lies on an equivalent re?ection center 
plane 5 of the optical ?lter 4. In FIG. 1, central axes of the 
optical Waveguides 1, and 2 are indicated at 6, and 7 
respectively. 

SUMMARY OF THE INVENTION 

[0005] It is the ?rst object of the present invention to 
enlarge the tolerance for a deviation of an installed position 
of re?ecting means typical of Which is an optical ?lter 
installed Within an optical guide in an optical unit utiliZing 
light re?ected by the re?ecting means, the optical unit being 
typi?ed by a Wavelength multiplexer. In other Words, it is the 
?rst object of the invention to minimiZe the increase of loss 
in the optical unit based on a deviation of the installed 
position of the re?ecting means. 

[0006] It is the second object of the present invention to 
diminish an optical crosstalk in the above optical unit, 
especially a Wavelength multiplexer. 

[0007] A typical form for achieving the above ?rst object 
of the invention can take the form of, for example, a 
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Wavelength multiplexer Which is formed on a plane substrate 
and Which functions to combine or branch Wavelengths of a 
signal light having plural Wavelengths. According to the 
present invention it is possible to achieve the above ?rst and 
second objects together. 
[0008] A typical mode of the present invention resides in 
an optical unit having optical Waveguides, including at least 
?rst, second and third optical Waveguides, a fourth optical 
Waveguide capable of propagating light in a multi-mode, 
and an optical ?lter disposed perpendicularly to a traveling 
direction of light in the fourth optical Waveguide, the ?rst 
optical Waveguide being connected to a ?rst end face of the 
fourth optical Waveguide, the second and third optical 
Waveguides being connected to predetermined individual 
positions of a second end face opposed to the ?rst end face 
of the fourth optical Waveguide, the ?rst and second end 
faces of the fourth optical Waveguide being end faces 
intersecting the traveling direction of light in the fourth 
optical Waveguide, and the fourth optical Waveguide being 
an optical Waveguide capable of propagating light in a 
multi-mode such that upon input of light having a ?rst 
Wavelength from either the second or the third optical 
Waveguide, light corresponding to the light input of the ?rst 
Wavelength can be propagated into the ?rst optical 
Waveguide after passing through the optical ?lter by the 
propagation of light in the fourth optical Waveguide, and 
upon input of light having a second Wavelength from either 
the second or the third optical Waveguide, light correspond 
ing to the light input of the second Wavelength can be 
propagated into a light input-free optical Waveguide out of 
the second and third optical Waveguides through re?ection 
by the optical ?lter. 
[0009] The principle of the present invention Will noW be 
described. FIG. 7 is schematically illustrates in What manner 
light of a Wavelength passing through a ?lter 15 in Wave 
length multiplexer according to the present invention is 
incident from a Waveguide 12 (distance from a center line: 
D), then is propagated through a multi-mode interference 
type Waveguide 10 and is emitted to a Waveguide 11. In the 
multi-mode interference type Waveguide 10, for example, a 
signal light incident from the second optical Waveguide 12 
excites various modes of lights in the multi-mode interfer 
ence type optical Waveguide 10. Although in FIG. 7 shoW 
excited states of Zero-, ?rst- and second-order modes, there 
may be excited higher modes. Since the propagation veloci 
ties of the excited modes are different from one another, 
there occur phase differences from one another With propa 
gation through the multi-mode interference type 
Waveguide(as shoWn FIG. 7), and a light intensity distribu 
tion, Which is the sum of the modes, changes as light is 
propagated through the multi-mode interference type 
Waveguide. This change is periodical and it is knoWn that at 
a cycle Lp light intensity distribution is reproduced again 
into the same shape as an input section (self-imaging of the 
multi-mode Waveguide). The light intensity distribution at 
the position of Lp/2 Which is half of the said period 
corresponds to a re?ected image obtained by folding back 
the light intensity distribution of the input section symmetri 
cally With respect to the center line of the multi-mode optical 
Waveguide. In the present invention, the length (L) of the 
multi-mode Waveguide is set at the above Lp/2 and the 
center of the ?rst optical Waveguide 11 is placed at the center 
of peak (i.e., the position of distance D from the center line) 
of a symmetric optical intensity distribution Which occurs at 
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an outlet of the multi-mode optical Waveguide, whereby the 
incident light from the second optical Waveguide can be 
guided again through the optical Waveguide 11 With scarcely 
any loss. 

[0010] Also as to the case Where light of a Wavelength 
re?ected by the ?lter 15 is incident on the above Wavelength 
multiplexer, the same argument as above also applies except 
that the light is re?ected by the ?lter 15. More particularly, 
if the ?lter is installed at a position of L/2=(Lp/2)/2 from the 
inlet, the light incident from the Waveguide 12 is re?ected by 
the ?lter 15 and thereafter reproduces, at the inlet of the 
multi-mode Waveguide, a light intensity distribution Which 
is symmetric With respect to the center line in comparison 
With that obtained at the time of incidence. Therefore, if a 
Waveguide 13 is installed at a position (the position of 
distance D from the center line) symmetric With the 
Waveguide 12 relative to the center line, the light incident 
from the optical Waveguide 12 can be guided again through 
the optical Waveguide 13 With little loss. 

[0011] In this case, part of the re?ected light is propagated 
reverse through the optical Waveguide 12, creating a 
re?ected return light (resulting in poor optical directivity). 
HoWever, by arranging the optical Waveguides 12 and 13 so 
that the spacing D betWeen both Waveguides takes a suf? 
ciently large value, the re?ected return light can be suffi 
ciently diminished (resulting in good optical directivity). 

[0012] In the Wavelength multiplexer or optical 
Waveguide device according to the present invention, as in 
this example, the length and Width of the foregoing multi 
mode interference type optical Waveguide and the connec 
tions betWeen the multi-mode interference optical 
Waveguide and the ?rst to third optical Waveguides are 
adjusted so that, after signal lights incident from one or more 
of the ?rst to third optical Waveguides are propagated each 
as a multi-mode light through the multi-mode interference 
type optical Waveguide, a signal light having a predeter 
mined Wavelength is coupled to one or more optical 
Waveguides out of the ?rst to third optical Waveguides With 
loW loss. 

[0013] In the Wavelength multiplexer or optical 
Waveguide device according to the present invention, it is 
preferable that the length L of the above multi-mode inter 
ference type Waveguide be in the range of 1 to 5 mm and the 
Width thereof in the range of 25 to 70 pm. 

[0014] In the Wavelength multiplexer or optical 
Waveguide device according to the present invention, more 
over, the fourth optical Waveguide is connected to the 
multi-mode interference type optical Waveguide on the ?rst 
optical Waveguide side. Alternatively, plural optical 
Waveguides other than the ?rst to fourth optical Waveguides 
may be connected to the multi-mode interference type 
optical Waveguide. 

[0015] Or, the Wavelength multiplexer or the optical 
Waveguide device may be in the form of an optical trans 
mitter module, an optical receiver module, an optical trans 
ceiver module, or an optical multiplexer module, character 
iZed in that a light emitting element, a light receiving 
element, an optical ?ber, or means for connection With an 
optical ?ber is provided at end faces of all or part of the ?rst 
to fourth optical Waveguides. 
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[0016] Further, for solving the problem of optical crosstalk 
as the foregoing second problem, it is useful to adopt the 
folloWing measure. 

[0017] Firstly, the Wavelength multiplexer or optical 
Waveguide device according to the present invention is 
characteriZed in that extension lines of the optical axes of the 
second and third optical Waveguides have an intersecting 
point outside the multi-mode interference type Waveguide or 
are parallel to each other. An optical transciever module 
using such a Wavelength multiplexer or optical Waveguide 
device comprises, in addition to the Wavelength multiplexer 
or the optical Waveguide device, a light receiving element, 
an optical ?ber, or an optical ?ber connecting means, Which 
is provided as a light receiving means at both or one end face 
of the ?rst or the fourth optical Waveguide, and a light 
emitting element, an optical ?ber, or an optical ?ber con 
necting means, Which is provided as a light transmitting 
means at both or one end face of the second or third optical 
Waveguide. In this optical transceiver module, the foregoing 
optical crosstalk is Well blocked since the optical ?lter is 
optimiZed to re?ect a light Which is propagated through the 
second and third optical Waveguides and Which has an 
incident angle close to 0°. 

[0018] Secondly, the optical crosstalk has a distribution 
centered on a direction perpendicular to an end face of the 
transmission means, but since the optical Waveguides used 
in the present invention can be bent in an arbitrary direction, 
the optical crosstalk can be made less in?uential by bending 
both or one of the ?rst or the fourth optical Waveguide in a 
direction aWay from the center of the aforesaid optical 
crosstalk distribution. 

[0019] Further, the Wavelength multiplexer or the optical 
Waveguide device may be in the form of an optical 
Waveguide module Wherein it is combined With an optical 
element such as a light emitting or receiving element, an 
optical sWitch, an optical ?lter, an optical ampli?er, or an 
optical modulator. 

[0020] Or the optical Waveguide module according to the 
present invention may use a plurality of the Wavelength 
multiplexeres or optical Waveguide devices in combination 
With plural optical elements such as light emitting or receiv 
ing elements, optical sWitches, optical ?lters, optical ampli 
?ers, or optical modulators to process a plurality of signals 
at a time or process a signal light having plural Wavelengths 
in plural steps. 

[0021] Or these optical modules may each be combined 
With an electric signal processing means such as an inte 
grated circuit or a preampli?er to afford an optical commu 
nication module. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a schematic plan vieW of a Wavelength 
multiplexer portion according to the prior art; 

[0023] FIG. 2 is a schematic plan vieW explaining a 
displaced state of an optical ?lter in the conventional Wave 
length multiplexer; 

[0024] FIG. 3 is a diagram shoWing a relation betWeen a 
positional deviation of the optical ?lter and an increase of 
loss of re?ected light in the conventional Wavelength mul 
tiplexer; 
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[0025] FIG. 4 is a schematic plan vieW showing another 
optical unit of a conventional con?guration; 

[0026] FIG. 5 is a diagram showing transmission charac 
teristics of an optical ?lter for lights different in incident 
angle; 
[0027] FIG. 6 is a plan vieW shoWing a Wavelength 
multiplexer With a conventional structure in Which the angle 
0 is set close to Zero; 

[0028] FIG. 7 is a plan vieW shoWing schematically a 
multi-mode interference of a Wavelength multiplexer por 
tion according to the present invention; 

[0029] FIG. 8 is a perspective vieW shoWing a Wavelength 
multiplexer portion according to the ?rst embodiment of the 
present invention; 

[0030] 
[0031] FIG. 10 is a perspective vieW of an optical unit 
prior to installation of an optical ?lter; 

[0032] FIG. 11 is an enlarged plan vieW thereof; 

[0033] FIG. 12 is a diagram shoWing a relation betWeen a 
positional deviation of a ?lter and the amount of loss of 
re?ected light With respect to both the Wavelength multi 
plexer portion according to the ?rst embodiment of the 
invention and that of the conventional structure; 

[0034] FIG. 13 is a diagram shoWing a relation betWeen 
the length of a multi-mode interference type optical 
Waveguide and light intensity; 

FIG. 9 is an enlarged plan vieW thereof; 

[0035] FIG. 14 is a perspective vieW shoWing a Wave 
length multiplexer module according to the second embodi 
ment of the present invention; 

[0036] FIG. 15 is a perspective vieW shoWing an optical 
transceiver module according to the third embodiment of the 
present invention; 

[0037] FIG. 16 is a perspective vieW shoWing another 
example thereof; 
[0038] FIG. 17 is a schematic plan-vieW shoWing an 
optical Waveguide module according to the fourth embodi 
ment of the present invention; 

[0039] FIG. 18 is a schematic plan vieW shoWing an 
optical receiver module according to the ?fth embodiment of 
the present invention; 

[0040] FIG. 19 is a diagram shoWing the layout of com 
ponents of an optical communication unit according to the 
sixth embodiment of the present invention; and 

[0041] FIG. 20 is a sectional vieW shoWing installation of 
an optical ?lter. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0042] Before describing concrete embodiments of the 
present invention, a comparison betWeen the present inven 
tion and the prior art Will be outlined beloW. Main modes of 
the invention Will be enumerated next. 

[0043] (Comparison betWeen the prior art and the present 
invention) 
[0044] The present invention remedies the draWback 
involved in the structure of an optical unit Which utiliZes 
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re?ection geometrically such as that described above, i.e., 
loss of re?ected light based on a fabrication error of re?ect 
ing means. 

[0045] A detailed description Will noW be given about the 
increase of loss of re?ected light With reference to FIG. 2, 
Which illustrates an optical unit of a conventional structure. 
A basic structure is the same as that illustrated in FIG. 1. 
Optical Waveguides 1 and 2 are crossed and an optical ?lter 
4 is disposed at the cross point. In this structure it is 
necessary to make design so that an intersecting point 3 of 
the optical axes of the tWo optical Waveguides 1 and 2 Which 
cross each other at an angle of 20 lies on an equivalent 
re?ection center plane 5 of the optical ?lter 4. In FIG. 2, the 
central axes of the optical Waveguides 1 and 2 are indicated 
at 6 and 7, respectively. 

[0046] It is here assumed that the angle of incidence and 
re?ection of each optical Waveguide is 0. If the optical ?lter 
4 shifts a distance “a” in its normal line direction, the optical 
axis of re?ected light deviates by 2|a|sin 0 from an axis 7 of 
the re?ection-side optical Waveguide and becomes 7‘. The 
position 5 indicates the position of the optical ?lter Which is 
installed correctly, While the position 5‘ indicates the posi 
tion of the optical ?lter Which is deviated from the correct 
position. As a result, the re?ected light does not couple Well 
With an optical Waveguide 2. Consequently, the re?ected 
light is scattered and there occurs a large loss. 

[0047] FIG. 3 shoWs an example of calculating an 
increase of loss of re?ected light relative to the positional 
deviation of the optical ?lter. In the same ?gure, the axis of 
abscissa represents a deviation of the ?lter from a predeter 
mined position, While the axis of ordinate represents an 
increase of loss. From the results shoWn in the same ?gure 
it is seen that the tolerance of the positional deviation of the 
optical ?lter is as very small as :2 pm for suppressing the 
increase of loss to, say, 0.2 dB. 

[0048] In installing the optical ?lter, hoWever, since there 
is used such a machining process as grooving or cutting, it 
is dif?cult to improve the machining accuracy and actually 
the fabrication error in fabricating the optical ?lter is of a 
value not negligible in comparison With the optical 
Waveguide diameter. This actual difficulty causes a loWering 
in production yield of the Wavelength multiplexer. For this 
reason, in order to improve the production yield of the 
Wavelength multiplexer using an optical Waveguide With 
optical ?lter, there is a demand for such a Wavelength 
multiplexer structure as Widen the tolerance of the positional 
deviation of the ?lter. 

[0049] Reference Will noW be made to the problem of 
optical crosstalk. FIG. 4 is a layout plan vieW of an optical 
transceiver module, shoWing an example related to this 
problem. According to the con?guration of this optical 
transceiver module, a photo-diode 50 and a laser diode (LD) 
51 are installed for the Wavelength multiplexer shoWn in 
FIG. 1, Which is indicated at 16. 

[0050] As the optical ?lter 15 there is used one Which 
re?ects light of a Wavelength of a transmission signal and 
Which transmits light of a Wavelength of a reception signal 
longer than the Wavelength of the transmission signal. In the 
optical transceiver module there occurs the problem of 
crosstalk such that leak light 9 created in the transmitter 
section such as LD exerts an in?uence on the reception 
signal. 
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[0051] It is not that the Whole of light generated in the LD 
51 is propagated through an optical Waveguide. There occurs 
an LD-Waveguide coupling loss, Whereby a portion of light 
emitted from the LD is scattered to the exterior of the 
Waveguide Without coupling to the Waveguide. Also in a 
bend Waveguide betWeen the LD and the Wavelength rnul 
tiplexer a portion of guided light is propagated as radiation 
light 19 to the exterior of the Waveguide, becorning leak 
light 9, but most of the guided light reaches the optical ?lter 
15 at an incident angle different from 0. 

[0052] FIG. 5 shoWs an example of transmission charac 
teristics of an optical ?lter With respect to both the case 
Where the incident angle 0 is Zero and the case Where it is 
larger than Zero. In the characteristics of FIG. 5, the Wave 
length range With a large transmission loss corresponds to 
the Wavelength range Which is used for re?ection. Generally, 
in the optical ?lter, as is seen from the example of FIG. 5, 
a different incident light angles causes a change in the 
re?ection range and also causes deterioration of isolation. 

[0053] In the foregoing exarnple illustrated in FIG. 5 there 
is used an optical ?lter designed so as to re?ect light With an 
incident angle of 0, Which is for re?ecting the light propa 
gated through the optical Waveguide. Thus, since most of the 
leak light is different in incident angle from the incident 
angle 0 on the ?lter, light is also included therein Which 
transmits the optical ?lter Without being cut off. Once this 
transrnitted leak light reaches the PD 50, it acts as noise on 
the received light signal, causing the reception characteristic 
to be deteriorated. 

[0054] One counterrneasure is to approximate the incident 
angle 0 on the ?lter to 0°. According to this counterrneasure, 
since the deviation betWeen the optical axis of re?ected light 
and the Waveguide axis, Which is caused by a positional 
deviation of the ?lter, is also close to Zero, it is possible to 
diminish an increase of loss based thereon. Conversely, the 
incident angle of leak light becomes 0 or so and thus the leak 
light can be intercepted by the ?lter. 

[0055] HoWever, if this counterrneasure is applied to the 
Wavelength rnultiplexer of FIG. 1, there neWly arises the 
problem of so-called re?ected return light such that re?ected 
light is apt to return to the incident-side optical Waveguide. 
FIG. 6 is an explanatory diagram illustrating this problem. 
Practice of the above counterrneasure results in an increase 
of an overlapped portion 17 of the tWo optical Waveguides 
1 and 2. Thus, a limit is encountered in diminishing the 
incident angle 0. For this reason it has so far been impossible 
for the incident angle dirninishing method to become an 
effective and practical solution. 

[0056] The present invention solves the above-mentioned 
problems. In the rnulti-rnode interference type optical 
Waveguide according to the present invention, as noted 
earlier, upon incidence of light from the incident-side optical 
Waveguide, the vicinity of inlet of the exit-side optical 
Waveguide forms a peak of a light intensity distribution and 
so there scarcely occurs any loss of the incident light. 

[0057] Moreover, since the incident-side optical 
Waveguide and the optical Waveguide for guiding re?ected 
light to the exit side, Which are juxtaposed in the rnulti-rnode 
interference type optical Waveguide, are installed at prede 
terrnined separate positions, it is possible to eliminate the 
problem that the return light, Which has been re?ected by the 
?lter. 
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[0058] Further, as Will be described later, the optical ?lter 
re?ects a light signal With an incident angle close to 0°, so 
in this structure the incident angle of light developed as leak 
light takes a value not perrnitting transmission and thus the 
transmission of the leak light through the ?lter is prevented. 

[0059] Principal modes of the present invention Will be 
described beloW. 

[0060] (Modes of the present invention having an optical 
?lter) 
[0061] The ?rst mode of the present invention resides in 
an optical unit having optical Waveguides, including at least 
?rst, second and third optical Waveguides, a fourth optical 
Waveguide capable of propagating light in a rnulti-rnode, 
and an optical ?lter disposed perpendicularly to a traveling 
direction of light in the fourth optical Waveguide, the ?rst 
optical Waveguide being connected to a ?rst end face of the 
fourth optical Waveguide, the second and third optical 
Waveguides being connected to predetermined individual 
positions of a second end face of the fourth optical 
Waveguide, and the fourth optical Waveguide being an 
optical Waveguide capable of propagating light in a multi 
rnode such that upon input of light having a ?rst Wavelength 
from either the second or the third optical Waveguide, light 
corresponding to the light input of the ?rst Wavelength can 
be propagated into the ?rst optical Waveguide by the propa 
gation of light in the fourth optical Waveguide, and upon 
input of light having a second Wavelength from either the 
second or the third optical Waveguide, light corresponding to 
the light input of the second Wavelength can be propagated 
into a light input-free optical Waveguide out of the second 
and third optical Waveguides through re?ection by the 
optical ?lter. 

[0062] As each of the ?rst, second and third optical 
Waveguides there may be used an optical Waveguide which 
permits the propagation of light in-a single mode or multi 
rnode. In many of optical Wavelength division multiplexing 
cornrnunications there is used a single mode of light and the 
present invention is useful particularly for this purpose. 

[0063] HoWever, also in case of using a rnulti-rnode light 
it is possible to realiZe a convenient Wavelength rnultiplexer 
function by applying the present invention. This is because 
the rnulti-rnode interference type optical Waveguide accord 
ing to the present invention ful?ll the same function for both 
rnulti-rnode and single mode lights. 

[0064] This mode, if exernpli?ed as the second mode of 
the present invention, resides in an optical unit having 
optical Waveguides, including at least ?rst, second and third 
optical Waveguides capable of propagating light in a single 
mode, a fourth optical Waveguide capable of propagating 
light in a rnulti-rnode, and an optical ?lter disposed perpen 
dicularly to a traveling direction of light in the fourth optical 
Waveguide, the ?rst optical Waveguide being connected to a 
?rst end face of the fourth optical Waveguide, the second and 
third optical Waveguides being connected to predetermined 
individual positions of a second end face opposed to the ?rst 
end face of the fourth optical Waveguide, the ?rst and second 
end faces of the fourth optical Wave guide being end faces 
intersecting the light traveling direction in the fourth optical 
Waveguide, and the fourth optical Waveguide being an 
optical Waveguide capable of propagating light in a multi 
rnode such that upon input of light having a ?rst Wavelength 
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from either the second or the third optical Waveguide, light 
corresponding to the light input of the ?rst Wavelength can 
be propagated in a single mode into the ?rst optical 
Waveguide after passing through the optical ?lter by the 
propagation of light in the fourth optical Waveguide, and 
upon input of light having a second Wavelength from either 
the second or the third optical Waveguide, light correspond 
ing to the light input of the second Wavelength can be 
propagated in a single mode into a light input-free optical 
Waveguide out of the second and third optical Waveguides 
through re?ection by the optical ?lter. 

[0065] The third mode of the present invention resides in 
an optical unit having optical Waveguides, including at least 
?rst, second and third optical Waveguides capable of propa 
gating light in a multi mode, a fourth optical Waveguide 
capable of propagating light in a multi-mode, and an optical 
?lter disposed perpendicularly to a traveling direction of 
light in the fourth optical Waveguide, the ?rst optical 
Waveguide being connected to a ?rst end face of the fourth 
optical Waveguide, the second and third optical Waveguides 
being connected to predetermined individual positions of a 
second end face opposed to the ?rst end face of the fourth 
optical Waveguide, the ?rst and second end faces of the 
fourth optical Waveguide being end faces intersecting the 
light traveling direction in the fourth optical Waveguide, and 
the fourth optical Waveguide being an optical Waveguide 
capable of propagating light in a multi-mode such that upon 
input of light having a ?rst Wavelength from either the 
second or the third optical Waveguide, light corresponding to 
the light input of the ?rst Wavelength can be propagated in 
a multi mode into the ?rst optical Waveguide after passing 
through the optical ?lter by the propagation of light in the 
fourth optical Waveguide, and upon input of light having a 
second Wavelength from either the second or the third 
optical Waveguide, light corresponding to the light input of 
the second Wavelength can be propagated in a multi mode 
into a light input-free optical Waveguide out of the second 
and third optical Waveguides through re?ection by the 
optical ?lter. 

[0066] The fourth mode of the present invention resides in 
an optical unit having optical Waveguides, including at least 
?rst, second and third optical Waveguides, a fourth optical 
Waveguide capable of propagating light in a multi-mode, 
and an optical ?lter disposed perpendicularly to a traveling 
direction of light in the fourth optical Waveguide, the ?rst 
optical Waveguide being connected to a ?rst end face of the 
fourth optical Waveguide, the second and third optical 
Waveguides being connected to predetermined individual 
positions of a second end face opposed to the ?rst end face 
of the fourth optical Waveguide, and the fourth optical 
Waveguide being an optical Waveguide Wherein When stan 
dardiZed shapes of light intensity distributions for the Wave 
length of passing through the optical ?lter on tWo planes 
spaced a predetermined distance from the ?rst and second 
end faces of the fourth optical Waveguide are superimposed 
one on the other, the said shapes are in axial symmetry or 
approximately axial symmetry With respect to a central axis 
extending in the light traveling direction of the fourth optical 
Waveguide. 

[0067] The ?fth mode of the present invention resides in 
an optical unit having optical Waveguides Wherein a ?rst 
optical Waveguide is connected to a ?rst end face of a fourth 
optical Waveguide permitting the propagation of light in a 
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multi-mode, second and third optical Waveguides are con 
nected to a second end face opposed to the ?rst end face of 
the fourth optical Waveguide at a predetermined spacing 
from each other in their connected positions, an optical ?lter 
is installed in the fourth optical Waveguide, and an incident 
plane of the optical ?lter is parallel or approximately parallel 
to the Wave front of light in each of the ?rst, second and third 
optical Waveguides at the connected position of each of 
those optical Waveguides connected to the fourth optical 
Waveguide. 
[0068] In connection With the multi-mode interference 
type optical Waveguide according to the present invention, a 
supplementary explanation Will noW be given about the 
con?guration Wherein the vicinity of the exit-side optical 
Waveguide forms a peak in the light intensity distribution 
upon incidence of light from the incident-side optical 
Waveguide. From this supplementary explanation it Will also 
be fully understood that the incident-side optical Waveguide 
and the optical Waveguide for guiding re?ected light to the 
exit side, Which are juxtaposed in the multi-mode interfer 
ence type optical Waveguide, are installed in predetermined 
individual positions and that therefore it is possible to 
eliminate the problem of re?ected return light from the ?lter 
being mixed as noise into the optical Waveguide for guiding 
the light to the exit side Which light should be transmitted 
through the ?lter. 

[0069] Reference is noW made to FIG. 7 Which illustrates 
in What state light is propagated in the multi-mode interfer 
ence type optical Waveguide. 

[0070] It is here assumed that the Wavelength of signal 
light is )L and the refractive index of the multi-mode inter 
ference type optical Waveguide is n. The length L and Width 
W of the multi-mode interference type optical Waveguide, as 
Well as the distance D of the central axis of an optical 
Waveguide disposed at a junction from the central axis of the 
multi-mode interference type optical Waveguide, are in the 
folloWing relationships, in Which the central axis of each 
optical Waveguide extends in the light traveling direction: 

[0071] Where 0t and [3 stand for correction coef?cients. 

[0072] By satisfying the above relationships, the vicinity 
of inlet of the ?rst optical Waveguide 11 forms a peak in the 
light intensity distribution and the incident light from the 
optical Waveguide 12 can be guided again through the 
optical Waveguide 11 With little loss. Also as to the re?ection 
from the optical ?lter 15, there can be obtained just the same 
re?ection as in the case of the optical Waveguide 11, taking 
a re?ected image into consideration. 

[0073] If the distance of the multi-mode interference type 
optical Waveguide in the light traveling direction for trans 
mitted light (k1) and that for re?ected light (k2) are assumed 
to be L and L‘, respectively, there exists the folloWing 
relationship: 

L.-L’=1/2t1;1/2t2 (3) 

[0074] Further, it Will be seen easily that the folloWing 
relationships are established: 
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[0075] In this case, there arises the necessity of correcting 
the theoretical relations due to, for example, deviations from 
theories on concrete materials and concrete structures of 
cores and clads of the optical Waveguides. The above 0t and 
[3 correspond to such correction coef?cients. Usually, the 
correction coef?cients 0t and [3 are approximately Within a 
range of from 1 to 1.5. AnyhoW, it is possible to realiZe an 
optical Waveguide Which satis?es the above equations (1) 
and An actual length L of the rnulti-rnode interference 
type optical Waveguide is in many cases in the range of 1 to 
5 min and an actually Width W thereof is in many cases in 
the range of 25 to 70 urn. This is as noted earlier. More 
practically and preferably, the length L and Width W of the 
rnulti-rnode interference type optical Waveguide are selected 
in the ranges of 1.5 to 2.0 min and 30 to 40 urn, respectively. 

[0076] As to the theory of the rnulti-rnode interference 
itself, reference can be made, for example, to JOURNAL OF 
LIGHTWAVE TECHNOLOGY, Vol.13, NO.4, APRIL 1995, 
pp. 615-627. The optical unit according to the present 
invention is built using this theory. 

[0077] The sixth mode of the present invention resides in 
a Wavelength rnultiplexer for combining or branching a 
signal light having plural Wavelength, formed on a plane 
substrate and comprising a rnulti-rnode interference type 
optical Waveguide, a ?rst optical Waveguide connected to 
one side of the rnulti-rnode interference type optical 
Waveguide, second and third optical Waveguides connected 
to the rnulti-rnode interference type optical Waveguide on 
the side opposite to the ?rst optical Waveguide, and an 
optical ?lter installed in the rnulti-rnode interference type 
optical Waveguide, Wherein the second and third optical 
Waveguides are spaced a predetermined distance from each 
other in their connections With the rnulti-rnode interference 
type optical Waveguide. 
[0078] The seventh mode of the present invention resides 
in a Wavelength rnultiplexer or an optical Waveguide device, 
Wherein an optical ?lter is disposed perpendicularly or 
approximately perpendicularly to a traveling direction (alias 
optical axis) of a rnulti-rnode light guided through a rnulti 
rnode interference type optical Waveguide. 
[0079] In the present invention, a plurality of optical 
Waveguides, for example the optical Waveguides 12 and 13 
shoWn in FIG. 7, are installed on one end face of the 
rnulti-rnode interference type optical Waveguide at prede 
terrnined individual positions. Since the optical ?lter is 
installed perpendicularly or approximately perpendicularly 
to the traveling direction of a rnulti-rnode light Which is 
guided through the rnulti-rnode interference type optical 
Waveguide, even if light incident from one optical 
Waveguide, say, the optical Waveguide 13 reaches the optical 
?lter, it does not constitute a noise as leak light. 

[0080] It can be said that in the present invention the 
length and Width of the rnulti-rnode interference type optical 
Waveguide, as Well as the connections betWeen the rnulti 
rnode interference type optical Waveguide and the ?rst to 
third optical Waveguides, are adjusted so that signal lights 
incident from at least one or more of the ?rst to third optical 
Waveguides out of plural optical Waveguides connected to 
the rnulti-rnode interference type optical Waveguide are each 
propagated as a rnulti-rnode light in the rnulti-rnode inter 
ference type optical Waveguide and thereafter a signal light 
having a predetermined Wavelength is coupled to one or 
more of the ?rst to third optical Waveguides. 
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[0081] According to another mode of the present invention 
it is extremely convenient in practical use that extension 
lines of the optical axes of the second and third optical 
Waveguides, for example the optical Waveguides 12 and 13 
in FIG. 7, have an intersecting point outside the rnulti-rnode 
interference type optical Waveguide, or are parallel or 
approximately parallel to each other. By so doing, for 
example even if light incident from the optical Waveguide 13 
reaches the optical ?lter, it does not constitute a noise as leak 
light. Further, each of the optical Waveguides is ernployable 
in a bent state in an arbitrary direction, Whereby each optical 
Waveguide is bent from the leak light distribution area to 
suppress the generation of noise. This advantage facilitates 
the design of a larger optical system. 

[0082] In a further mode of the present invention, the 
fourth optical Waveguide is connected to the rnulti-rnode 
interference type optical Waveguide on the ?rst optical 
Waveguide side, or plural other optical Waveguides than the 
?rst to fourth optical Waveguides are connected to the 
rnulti-rnode interference type optical Waveguide. Thus, vari 
ous applications are conceivable according to concrete pur 
poses of use. 

[0083] In a still further mode of the present invention, light 
emitting or receiving elernents, optical ?bers, or optical ?ber 
connecting means may be provided on end faces of all or 
part of the ?rst to fourth optical Waveguides. In this Way 
there can be obtained a desired optical transrnitter or 
receiver rnodule, an optical transceiver module, or a Wave 
length rnultiplexer rnodule, concrete examples of Which Will 
be described later. Instead of the ?rst to fourth optical 
Waveguides, such light emitting or receiving elements may 
be connected directly to the rnulti-rnode interference type 
optical Waveguide. This is desirable because the absorption 
of light by intervening optical Waveguides can be avoided. 
Of course, such light emitting or receiving elements may be 
connected through different optical Waveguides to the rnulti 
rnode interference type optical Waveguide. 

[0084] A typical example of the present invention resides 
in an optical unit having optical Waveguides, including at 
least ?rst, second and third optical Waveguides, a fourth 
optical Waveguide capable of propagating light in a rnulti 
rnode, and an optical ?lter disposed perpendicularly to a 
traveling direction of light in the fourth optical Waveguide, 
the ?rst optical Waveguide being connected to a ?rst end face 
of the fourth optical Waveguide, the second and third optical 
Waveguides being connected to predetermined individual 
positions of a second end face opposed to the ?rst end face 
of the fourth optical Waveguide, the ?rst and second end 
faces being end faces intersecting the light traveling direc 
tion in the fourth optical Waveguide, the fourth optical 
Waveguide being an optical Waveguide capable of propagat 
ing light in a rnulti-rnode such that upon input of light having 
a ?rst Wavelength from either the second or the third optical 
Waveguide, light corresponding to the light input of the ?rst 
Wavelength can be propagated into the ?rst optical 
Waveguide after passing through the optical ?lter by the 
propagation of light in the fourth optical Waveguide, and 
upon input of light having a second Wavelength from either 
the second or the third optical Waveguide, light correspond 
ing to the light input of the second Wavelength can be 
propagated into a light input-free optical Waveguide out of 
the second and third optical Waveguides through re?ection 
by the optical ?lter, and a light emitting unit or a light 
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receiving unit is provided, the light emitting unit or the light 
receiving unit being connected to at least one of the ?rst to 
third optical Waveguides, or a light emitting unit or a light 
receiving unit is provided instead of at least one of the ?rst 
to third optical Waveguides. 

[0085] Also in the case of the optical transceiver module 
using such a Wavelength multiplexer or optical Waveguide 
device, leak light can be intercepted by a con?guration 
Wherein the Wave front of leak light as part of a transmission 
signal produced by the transmitter means and propagating 
through the exterior of the optical Waveguide connected to 
the transmitter means is parallel or approximately parallel to 
a plane formed by the optical ?lter. 

[0086] Thus, it can be said that a typical example of the 
above con?guration is an optical transceiver module com 
prising a Wavelength multiplexer or an optical Waveguide 
device, a light receiving element, an optical ?ber, or an 
optical ?ber connecting means provided as a light receiving 
means on both or one end face of the ?rst or the fourth 

optical Waveguide, and a light transmitting element, an 
optical ?ber, or an optical ?ber connecting means provided 
as a transmission means on both or one end face of the 

second or the third optical Waveguide, Wherein the Wave 
front of leak light as part of a transmission signal produced 
by the transmitter means and propagating through the exte 
rior of the optical Waveguide connected to the transmitter 
means is parallel or approximately parallel to a plane formed 
by the optical ?lter and is thereby intercepted. 

[0087] According to a still further mode of the present 
invention, an optical transmitter module, an optical receiver 
module, an optical transceiver module, or a Wavelength 
multiplexer is provided, for more useful interception of leak 
light, With one or more other optical ?lters than the forego 
ing optical ?lter or one or more Waveguides, Waveguide 
layers, or members different in refractive index from the 
clad, other than the ?rst to fourth optical Waveguides and the 
aforesaid plural Waveguides. 

[0088] Further, the Wavelength multiplexer or optical 
Waveguide device according to the present invention may be 
combined With, for example, any of such optical elements as 
light emitting element, light receiving element, optical 
sWitch, optical ?lter, optical ampli?er, and optical modula 
tor. 

[0089] Further, plural Wavelength multiplexers or optical 
Waveguide devices related to the present invention may be 
combined With plural optical elements selected, for example, 
from light emitting element, light receiving element, optical 
sWitch, optical ?lter, optical ampli?er, and optical modula 
tor, Whereby plural signals can be processed at a time, or a 
signal light having plural Wavelengths can be processed in 
plural steps. 

[0090] Further, optical modules related to the present 
invention may be combined With an electric signal process 
ing means such as an integrated circuit or a preampli?er to 
afford optical communication modules or optical communi 
cation systems. 

[0091] (Modes of the present invention not having an 
optical ?lter) 
[0092] The optical unit having optical Waveguides 
described above, but in a form prior to installation of the 
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optical ?lter, is also an important mode of the present 
invention. Of course, it goes Without saying that an optical 
?lter having predetermined characteristics is needed for 
using the optical unit as a Wavelength multiplexer, an optical 
transmission module, an optical reception module, or an 
optical transmission/reception module. HoWever, for actu 
ally using the optical unit having optical Waveguides accord 
ing to the present invention, it is practical to ?rst provide the 
optical unit in an optical ?lter-free form and then install the 
optical ?lter therein. FIG. 20 is an enlarged sectional vieW 
shoWing a state in Which an optical ?lter 15 has been 
installed on a substrate 20. In the example illustrated in FIG. 
20, ?rst and second clad layers 21 and 23 are formed on the 
substrate 20 and a slot 20 for insertion of the ?lter therein is 
formed. The ?lter 15 is ?xed With an adhesive layer 95. This 
sectional vieW is of a portion not including a core area. 

[0093] Thus, it can be said that a typical example of the 
mode in question resides in an optical unit having optical 
Waveguides, including at least ?rst, second and third optical 
Waveguides, a fourth optical Waveguides capable of propa 
gating light in a multi-mode, and means for installing an 
optical ?lter in the fourth optical Waveguide perpendicularly 
to a traveling direction of light in the fourth optical 
Waveguide, the ?rst optical Waveguide being connected to a 
?rst end face of the fourth optical Waveguide, the second and 
third optical Waveguides being connected to predetermined 
individual positions of a second end face of the fourth 
optical Waveguide, and the fourth optical Waveguide being 
an optical Waveguide permitting the propagation of light in 
a multi-mode such that upon input of light having a ?rst 
Wavelength from either the second or the third optical 
Waveguide, light corresponding to the light input of the ?rst 
Wavelength can be propagated into the ?rst optical 
Waveguide by the propagation of light in the fourth optical 
Waveguide, and upon input of light having a second Wave 
length from either the second or the third optical Waveguide, 
light corresponding to the light input of the second Wave 
length can be propagated into a light-free optical Waveguide 
out of the second and third optical Waveguides through 
re?ection by the optical ?lter. 

[0094] (Embodiments of the Invention) 
[0095] FIG. 8 is a perspective vieW shoWing a Wavelength 
multiplexer according to the ?rst embodiment of the present 
invention and FIG. 9 is an enlarged plan vieW of a Wave 
length combining/branching section thereof. 

[0096] An optical Waveguide is formed on a predeter 
mined substrate, say, a silicon (Si) substrate 20, using tWo 
kinds of ?uorinated polyimide resins different in refractive 
index. This optical Waveguide includes at least a ?rst clad 
layer 21, a core area 22, and a second clad layer 23. The 
numeral 24 denotes a slot for insertion of a ?lter therein. For 
example, the ?rst, or loWer, clad layer 21, the core 22, and 
the second, or upper, clad layer 23 are 5 pm, 6.5 pm, and 15 
pm, respectively, in thickness. Acore to clad refractive index 
ratio is set at 0.3%. The Wavelength combining/branching 
section includes at least a multi-mode interference type 
optical Waveguide 10, a ?rst optical Waveguide 11, a second 
optical Waveguide 12, and a third optical Waveguide 13. The 
Width W and length L of the multi-mode interference type 
optical Waveguide, and an optical Waveguide to optical 
Waveguide spacing D, are 25 pm, 1200 pm, and 5 pm, 
respectively. Further, the three optical Waveguides are each 
6.5 pm Wide. 
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[0097] As the optical ?lter 15 is used a dielectric multi 
layer ?lter 15 Which re?ects light incident at an incidence 
angle of 0° and having a Wavelength of 1.3 pm and Which 
transmits light having a Wavelength of 1.5 pm. The thickness 
of the ?lter 15 is 15 pm. The dielectric multi-layer ?lter itself 
may be a conventional one. The ?lter Was inserted into the 
slot 24 of 15 pm Width centrally of the multi-mode inter 
ference type optical Waveguide and Was ?xed using an UV 
(Ultra-Violet) curing agent 95. For example, the slot 24 can 
be formed using a dicing saW. The second and third optical 
Waveguides 12, 13 are parallel or approximately parallel to 
each other in their connections 32 and 33 With the multi 
mode interference Waveguide. 

[0098] FIG. 20 illustrates the optical ?lter 15 as mounted 
on the substrate 20, as a sectional vieW. The numeral 24 
denotes a slot for inserting the ?lter as a re?ecting means 
therein. Numerals 21 and 23 denote clad layers of the optical 
Waveguides. An adhesive 95 Was used for ?xing the re?ect 
ing means 15. 

[0099] In FIGS. 10, 14, 15 and 16 there are shoWn 
laminate structures of optical Waveguides similar to FIG. 8. 
HoWever, as to the structure itself of each of such optical 
Waveguides, a conventional structure Will do. Therefore, a 
detailed explanation of each of the laminate structures Will 
be omitted. 

[0100] The second and third optical Waveguides 12, 13 are 
parallel to each other in their connections 32 and 33, 
Whereby the optical axis of a multi-mode light excited in the 
multi-mode interference type optical Waveguide becomes 
perpendicular to the optical ?lter. As a result, even if a 
positional deviation of the ?lter 15 should occur, there never 
occurs a deviation betWeen the optical axis of re?ected light 
from the ?lter 15 and an optical Waveguide axis. 

[0101] The optical ?lter is not limited to the dielectric 
multi-layer ?lter. For example, it may be such an optical 
Waveguide device as shoWn in FIG. 10 Which is provided 
With only an optical ?lter mounting means such as the dicing 
slot 24. Other components in FIG. 10 are the same as in 
FIG. 8 and therefore a detailed description thereof Will be 
omitted. 

[0102] The optical unit having optical Waveguides accord 
ing to the present invention may also be in such a form as 
having a plurality of optical Waveguides as inputs to the 
Wavelength multiplexer and plural optical Waveguides as 
outputs from the Wavelength multiplexer. It goes Without 
saying that all of such plural optical Waveguides are of a 
single mode and that the Wavelength multiplexer has a 
multi-mode interference type optical Waveguide. 

[0103] FIG. 11 is a plan vieW of a Wavelength multiplexer 
portion, shoWing an example of the mode just described 
above. In this example, plural, more speci?cally tWo, optical 
Waveguides 12 and 13 are disposed on an incident side of a 
multi-mode interference type optical Waveguide 10. On the 
other hand, on an exit side of the multi-mode interference 
type optical Waveguide 10 are disposed plural, more spe 
ci?cally tWo, optical Waveguides 11 and 14. FIG. 11 is the 
same as FIG. 9 except that a fourth optical Waveguide 14 is 
disposed at a position identi?ed by the reference numeral 34, 
and therefore the same portions and components as in FIG. 
9 are identi?ed by the same reference numerals as in FIG. 9. 
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[0104] It is needless to say that a plurality of further 
optical Waveguides may be connected to the multi-mode 
interference type optical Waveguide to constitute plural 
Wavelength multiplexers. 
[0105] A comparison Will be made beloW betWeen the 
Wavelength multiplexer of the structure according to the 
present invention and that of the conventional structure 
shoWn in FIG. 1 With respect to the manufacturing tolerance 
related to the ?lter portion. 

[0106] FIG. 12 shoWs a loss increase quantity of re?ected 
light caused by a positional deviation of the ?lter, in Which 
the distance of a positional deviation of the ?lter is plotted 
along the axis of abscissa, While an example of a loss 
increase quantity of re?ected light is plotted along the axis 
of ordinate. Curved lines 35 and 36 represent characteristics 
obtained respectively in this embodiment and in the con 
ventional structure. Assuming that a loss Which is alloWable 
in design is, say, 0.2 dB, the tolerance is 2 pm in the 
conventional structure, While the tolerance in this embodi 
ment is about 10 pm. Thus, according to this embodiment it 
is possible to attain a suf?ciently large manufacturing tol 
erance in comparison With the conventional structure. 

[0107] It is to be noted that the increase of loss caused by 
a positional deviation of the ?lter in this example is attrib 
utable not to a deviation betWeen the optical axis of re?ected 
light and an optical Waveguide axis but to an intensity 
distribution based on the interference of a multi-mode light 
in the multi-mode interference type optical Waveguide. 

[0108] FIG. 13 shoWs a change in intensity (loss) caused 
by a change in length L of the multi-mode interference type 
optical Waveguide, in Which the axis of abscissa represents 
the length L of the multi-mode interference type optical 
Waveguide and the axis of ordinate represents a loss. Curved 
lines 35 and 36 represent loss quantities of a single-mode 
light incident from the second optical Waveguide 12 in FIG. 
11 respectively in connections 31 and 34 betWeen the ?rst 
and fourth optical Waveguides 11, 14 and the multi-mode 
interference type optical Waveguide. It is seen that intensity 
peaks of both curved lines appear periodically at 2400 pm or 
so. 

[0109] It folloWs that the loss attributable to the intensity 
distribution based on the interference of a multi-mode light 
in the multi-mode interference type optical Waveguide, 
Which is illustrated in FIG. 13, is included in the increase of 
loss caused by a positional deviation of the ?lter shoWn in 
FIG. 12. As the loss cycles, the proportion of the loss 
attributable to the intensity distribution based on the inter 
ference of a multi-mode light becomes high relative to the 
increase of loss caused by a positional deviation of the ?lter. 
In the example according to the present invention there 
basically is no loss based on miss-alignment of re?ected 
light axis and the increase of loss caused by a positional 
deviation of the ?lter depends on the loss Which is attrib 
utable the intensity distribution based on the interference of 
a multi-mode light. 

[0110] Reference Will be made beloW to application 
examples of the optical unit having optical Waveguides 
according the present invention to a Wavelength-division 
multiplex communication. 

[0111] FIG. 14 is a perspective vieW of a Wavelength 
multiplexer module according to the second embodiment of 
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the present invention. In this second embodiment, V grooves 
41, 42 and 43 for installing optical ?bers therein are formed 
respectively for end faces of the three optical Waveguides 
used in the Wavelength multiplexer illustrated above as the 
?rst embodiment. The V grooves 41, 42 and 43 can be 
formed easily in a silicon substrate 20 With use of the 
conventional anisotropic Wet-etching technique. These 
grooves are extremely useful for establishing the positions 
of optical ?bers. 

[0112] For example, this embodiment may be applied as 
folloWs. 

[0113] A study Will noW be made about the case Where an 
optical ?lter Which transmits light With a Wavelength of 1.3 
pm and Which re?ects light With a Wavelength of 1.5 pm, is 
used as an optical ?lter 15. A multi-Wavelength light having 
Wavelengths of 1.3 pm and 1.5 pm is incident from an 
optical ?ber set on the V-groove 42. In this multi-Wavelength 
light, the light 1.3 pm in Wavelength is transmitted through 
the optical ?lter 15, While the light 1.5 pm in Wavelength is 
re?ected by the optical ?lter. Consequently, the transmitted 
light 1.3 pm in Wavelengh is incident on an optical ?ber set 
on the V-groove 41. On the other hand, the re?ected light 1.5 
pm in Wavelength is incident on an optical ?ber set on the 
V groove 43. In this Way, signal lights having the Wave 
lengths of 1.3 pm and 1.5 pm can be branched to the optical 
?bers set on the V-grooves 41 and 43, respectively. 

[0114] It goes Without saying that the function as a light 
combining ?lter can be obtained by reversing incidence and 
exit. 

[0115] The optical ?ber connecting means is not limited to 
V grooves. There may be adopted another means; for 
example, a connecting base may be provided on a 
Waveguide substrate and bonded to optical ?bers With an 
adhesive. 

[0116] FIG. 15 is a perspective vieW of an optical trans 
ceiver module according to the third embodiment of the 
present invention. This embodiment shoWs an example in 
Which, in an optical unit having optical Waveguides accord 
ing to the present invention both light emitting element and 
light receiving element are mounted on a single substrate. 
This con?guration is easy to use and useful as a practical 
mode of an optical transceiver. 

[0117] In this third embodiment, a photo-diode 51 as a 
light receiving element and a laser diode 50 as a light 
emitting element are mounted on the silicon substrate 20 of 
the Wavelength multiplexer described in the previous ?rst 
embodiment. More speci?cally, on the silicon substrate 20 is 
formed a multi-layer ?lm of polymer as is the case With the 
previous embodiments. Then, the polymer is removed at 
predetermined portions, alloWing the Si substrate 20 to be 
exposed at the predetermined portions. The conventional 
dry-etching technique Will do for the removal of the poly 
mer. First electrodes 52 and 53 of the light emitting and 
receiving elements are formed at predetermined positions on 
the silicon substrate. Further, the photodiode 51 and the laser 
diode 50 are mounted on end faces of the ?rst and third 
optical Waveguides, respectively. The electrodes and the 
light emitting and receiving elements Were connected 
together using solder. In FIG. 15, second electrodes of the 
light emitting and receiving elements are omitted. Other 
constructional points are the same as in the ?rst embodiment 
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and therefore the same portions and components as in the 
?rst embodiment are identi?ed by the same reference 
numerals as in the ?rst embodiment. 

[0118] FIG. 16 is a perspective vieW of an optical trans 
ceiver module according to the fourth embodiment of the 
present invention. This fourth embodiment is the same as the 
previous third embodiment except that the photodiode 51 is 
shifted to the optical Waveguide 12 side With respect to the 
multi-mode Waveguide 10 and that the bend direction of the 
optical Waveguide 11 is changed. According to this modi 
?cation, the receiver section shifts aWay from the distribu 
tion center of leak light Which has been incapable of being 
coupled With the optical Waveguide 13 after generated in the 
laser diode 50, Whereby it is possible to diminish the 
in?uence of the leak light. 

[0119] HoW to install the photo-diode and the laser diode 
is not limited to the method of combination adopted in this 
embodiment. Of course, even the mode Wherein only one of 
the light emitting element and the light receiving element is 
mounted on the silicon substrate is also employable, depend 
ing on the purpose of use. Where required, there also may be 
adopted a mode Wherein three or more light emitting ele 
ments and three or more light receiving elements are 
mounted on the silicon substrate. 

[0120] An example Will be given beloW of the case Where 
the optical unit having optical Waveguides according to the 
present invention is applied to an optical ampli?er. 

[0121] FIG. 17 is a plan vieW shoWing the con?guration 
of an optical ampli?er according to the fourth embodiment 
of the present invention. Wavelength multiplexers 55 are 
formed on tWo Si substrates 80 and 81, respectively, and a 
pumping laser diode 56 is installed on one Si substrate 80. 
The Wavelength multiplexers 55 may be constituted as in the 
previous ?rst embodiment. The tWo substrates Were con 
nected together using an Er-doped ?ber (also designated a 
?ber ampli?er) 57 Which is about 1 m long. 

[0122] Light incident from an optical ?ber 58 combines 
With light different in Wavelength emitted from the laser 
diode 56 and the thus-combined light is ampli?ed by the 
Er-doped optical ?ber 57. The ampli?ed light is again 
branched into different Wavelength components and light 
having a desired Wavelength is outputted from an optical 
?ber 59. In this Way the light incident from the ?ber 58 is 
ampli?ed and the ampli?ed light having a desired Wave 
length can be obtained from the ?ber 59. 

[0123] Further, an example Will be given beloW of the case 
Where the optical unit having optical Waveguides according 
to the present invention is applied to an optical receiver 
module. 

[0124] FIG. 18 is a plan vieW shoWing a basic con?gu 
ration of an optical receiver module according to the ?fth 
embodiment of the present invention. In this optical recep 
tion module to Which the invention is applied, a multi 
Wavelength signal light is branched Wavelength by Wave 
length and the thus-branched signal lights are received by 
light receiving elements suitable for the respective Wave 
lengths. 

[0125] According to a basic con?guration of this embodi 
ment, a light signal provided from an optical ?ber 65 is 
?ltered into desired Wavelengths by tWo ?lters 63 and 64 and 








