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MANUFACTURI NG THE SAME BACKGROUND OF THE I NVENTION 5 1. Fiel

| nvention The present invention relat’és to a PLC (planar |ight wave
circuit) type optical wavegui de devi ce cenbrising a planar optical

wavegui de substrate and an optical wavegui de fornmed on the optical

wavegui de substrate, and a nethod of manufacturing the optical 10 wavegui de
device, and nore particularly, to an optical waveguide device formed by

coupling a plurali QPPICAIC WAMEGIDE DEVECE AND:METH@Id @Fret hod of
manuf act uri ng S“ChMﬂNU@A@EI‘@RENtE i QAME: Description of the Related
the PL

Art 15 At first, an exanple of type optical wavegui de devi ce
conprising a planar optical vvavelgui de substrate and an optical waveguide

formed on t hBAGKGROWNEYORHTHERNVENTION be described with reference
to Fig.gl. Fig. 1 is Ridldr&Pesd THQeptiowy showi ng, in outline, the 20 =
construction of a E E : Ii- ' e §.sC [ apanese
Patent Applicati onlfkfg._ é%%’ygﬁ %g *q\ﬁg%%ghgli%%’rgg? (ﬁlﬁ%ﬁﬁﬁﬂ%ﬁ ?ﬂé ame
appl i cant asCHRBit)JYRenePHcal svavegpdecdevine comprapme: aPlanar Qpiieal devi ce
30 conpri seswameguitecaibsteatecand ansopticahveaddguide frrmeed|dly theaptigal ar
o025 VRS yle) SimgRhn 8 i dhudsilng monekl
138 e L RS o a0 RSN, o,
a clad | ayerdeviatatermeddrysoupling agplusalislial PRt sypaiontical waviegande
formed on t hehipy, famrk aahethed af inadu faetiagnpdcts opticadtwaBéghide delvicanner
that the optical waveguide 2 is covered 30 with the clad layer 32; and a
i ght source 33 that s a.l aser diode,i P t h[i exanpl e and a phot odet ector
34 that is a phot ofii 0 at hér-ged on the optical, wayvegui de
substribe 31 at thAtdirst, endesample afohe RLGéypemaptical waveguidetdevice
thereof res tht%M-g fplahar optivaltwavegaide subsoragd antbanpdptiehl wavegui de
2 is shown '\%ta’v Eu’f&?’}%‘}rﬁe?f‘bﬁ 8 tithF’ ﬁwée%ﬁf‘ddé E@BE&B&} witkpgsed, in
reality, the, o(%.gur actgld% t he 38 .cal, wavegui de 2 1s al so covered with
the clad | ayd¢scasbed withpaference 10/ Kigel-c| ad | ayer made of gl ass |ayer or
organic  material Fignl fislaxprespassive voeweshewieg, imeusbnies shewavegui de 2.
The opz0cal cowsegotion 8f aOPLESpppedpticdlwasepaidé devioptdiselosedet havi ng
hi gh Japanese Patent Application No. 28278/2000 filed on February 4, 2000
by the same applicant as that of the present application. The optical
waveguide device 30 comprises: an optical waveguide substrate 31 of
generally rectangular shape in plan and made of, for example, silicon
25 (Si); a generally “y”-shaped optical waveguide 2 made of glass layer
or organic material thin film and formed on the surface of the optical
waveguide substrate 31; a clad layer 32 made of glass layer or organic
material thin film and formed on the surface of the optical waveguide
substrate 31 in such manner that the optical waveguide 2 is covered
30 with the clad layer 32; and a light source 33 that is a laser diode in this
example and a photodetector 34 that is a photodiode in this example
mounted on the optical waveguide substrate 31 at the both sides
thereof in the longitudinal direction thereof respectively. Further, in
the figure, though the optical waveguide 2 is shown in the manner that
35 the top surface thereof is exposed, in reality, the top surface of the
optical waveguide 2 is also covered with the clad layer 32. In
addition, a lower clad layer made of glass layer or organic material
thin film has been formed under the optical waveguide 2. The optical
. waveguide 2 corresponds to the core of an optical fiber having high
40 refractive index, and the lower clad layer and the clad layer 32 (upper
clad layer) correspond to the clad of the optical fiber having low




40 refractive index, and the lower clad layer and the clad | ayer 32 (upper
clad layer) correspond to the clad of .the optical fiber having lowr rr -2-
refractive index. The "y"-shaped optltal MavegU|de 2 is constituted by two
opti cal wavegui des, one of which is an optdeal wavegui de that forms a
generally straight |line and extends fromone end surface of the optical 5
wavegui de substrate 31 in the |longitudinal direction thereof to the other
end surface of the optical wavegui de substrate 31 in the | ongitudi nal
direction t hefea¢tiveindexher end surface being opposed to the
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exposed on tqiatleaﬁw¢gwéieoe geaeraly straight ling extending drom Bi% i cal

vwavegu2Ge 2dnteesention tbehenothereend surfice (epposed tanhegphotodatpttamB4)

wavegui des gf ﬁi@' 1@dldwfa%§9 §38'suBRtra?t IPen thi fl@ln?&idiﬁ'al \ByYeaibae 35

ot susst ant eryok LI Eiree i s ibied Mo WM 24, Ol ng From the”

elndl ng from t he
e light source 33 is mounted on the optical waveguide

substrate 31 such that the light emitting portion thereof is opposed to
25 one end (a portion exposed on the end surface of the clad layer 32) of
the first optical waveguide 21. One end (a portion exposed on the end
surface of the clad layer 32) of the second optical waveguide 22 is
optically coupled to other optical waveguide (for example, an optical
fiber) not shown. The photodetector 34 is mounted on the optical
30 waveguide substrate 31 such that the light receiving portion thereof is
opposed to one end (a portion exposed on the end surface of the clad
" layer 32) of the third optical waveguide 23.
Between the intersection of the first and second optical
waveguides 21 and 22 and the other end of the third optical waveguide
35 23 is formed a slit or groove 35 across the optical waveguide substrate
31 at substantially a right angle thereto, the slit 35 extending from the
surface of the clad layer 32 into the optical waveguide substrate 31.
Accordingly, the intersection of the first and second optical
waveguides 21 and 22 is disconnected and separated from the other
40  end of the third optical waveguide 23 bythe slit-35, and the
intersection of the first and second optical waveguides 21 and 22 is




surface of the clad layer 32 into the optical wavegui de substrate 31.
Accordingly, the intersection of the first and second optical waveguides
21 and 22 is disconnected and separaﬂ%d fromthe other 40 end of the third
optical waveguide 23 by the slit-35, and- -the intersection of the first and
second optical wavegui des 21 and 22:is -3- opposed to the other end of the
third optical waveguide 23 through the slit 35. Further, in this exanple,
the slit 35 was fornmed by dicing (die- cutting), but it is needless to say

that the slieppésediyoithefathered of thenthird opticsd wavegside 23 throughothe t he
right source]g33gnd the photodetector 34 are rmunt ed di rectIy on the
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opti cal vvavéljltil waviegiidendl othis |1®hfoLlopmagq5ssdhlrough the first optical
waveguide 21 and is incident on the dielectric multilayer film filter 36.

25 Since the characteristic of the dielectric multilayer film filter 36 is
previously set such that it reflects light having its wavelength of 1.31
pm, the dielectric multilayer film filter 36 reflects the light L1
incident thereon and inputs the light L1 into the end surface of the
second optical waveguide 22. Accordingly, the light L1 propagates

30 through the second optical waveguide 22 and is emitted to the outside
(or to other optical waveguide not shown) from the other end surface
of the second optical waveguide 22. On'the other hand, when light L2
having its wavelength of 1.55 um is incident on the other end surface
of the second optical waveguide 22 from the outside or other optical

35 waveguide, this light 1.2 propagates through the second optical
waveguide 22 and is incident on the dielectric multilayer film filter 36.
Since the characteristic of the dielectric multilayer film filter 36 is
previously set such that it transmits light having its wavelength of 1.55
pm, the dielectric multilayer film filter 36 transmits the light L2

40 incident thereon and inputs-the light L2 into the end surface of the




35 wavegui de, this light L2 propagates through the second optical

wavegui de 22 and is incident on the dielectric multilayer filmfilter 36.
Since the characteristic of the dielectric multilayer filmfilter 36 is
previously set such that it transmits |igH-having its wavel ength of 1.55
m the dielectric multilayer filmfilter 36 transmts the light L2 40

I nci dent thereon and inputs the light L2 into the end surface of the -4-
third optical wavegui de 23. Accordingly, the light L2 propagates t hrough
the third ophitdloptivalovwasegaide @3.hAcdidrding ﬂwhghé L2vpropagatesl i s
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y 1cing, and inse fon and adhesion processes of the
dielectric mult11ayer film filter need much time and prodigious labor
as well as are lacking in mass production, which results in high
manufacturing cost of the optical waveguide device.
In order to eliminate the disadvantages of the prior art
30 described above, there is provided an optical waveguide device in
which the optical waveguide device is cut at the position thereof into
which a dielectric multilayer film filter is to be inserted, and the
dielectric multilayer film filter is formed on an end surface of an
optical waveguide by deposition of a dielectric multilayer film
35  thereon. An example of the optical waveguide device of this type is
shown in Fig. 2. Further, portions and elements in Fig. 2
corresponding to those in Fig. 1 will be denoted by the same reference
characters affixed thereto, and the explanatlon thereof will be omitted
unless it is necessary.
40 The optical waveguide device 40-shown in Fig. 2 is constituted



optical wavegui de by deposition of a.dielectric multilayer film 35 thereon.
An exanpl e of the optical wavegui de device of this type is shown in Fig.

2. Further, portions and elenments i.n Fig. 2 corresponding to those in Fig.
1 will be denoted by the sane reference -8haracters affixed thereto, and
the explanation thereof will be omtted unless it is necessary. 40 The
optical wavegui de device 40. shown in Fig. 2 is constituted -5- by two

opti cal wavegui de chi ps 40A and 40B, and these two optical wavegui de chips
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of the thi OMeERSSHTaRe 1350 W% fndon
and t he secthe sesonshoptical waveguide chip 40B that is the other of the halves

of the optical waveguide device 40 comprises: a half optical

25 waveguide substrate 31B; the third optical waveguide 23 of the optical
waveguide 2 formed on the surface of the half optical waveguide
substrate 31B; a half clad layer 32B formed on the surface of the half
optical waveguide substrate 31B in such manner that the third optical
waveguide 23 is covered with the half clad layer 32B; and the

30  photodetector 34 disposed to be opposed to the one end surface of the
third optical waveguide 23.

The first optical waveguide chip 40A and the second optical
waveguide chip 40B constructed respectively as described above are
fixed to each other to obtain the optical waveguide device 40 after the

35 intersection of the first and second optical waveguides 21 and 22
exposed on the end surface of the half clad layer 32A of the first chip
40A is opposed to the end surface of the third optical waveguide 23
exposed on the one end surface of the half clad layer 32B of the
second chip 40B, and then, the mutual positioning between the

40 intersection of the first and second optical waveguides 21 and 22 and
the end surface of the third optical waveguide 23 is conducted such



wavegui de chip 40B constructed respectively as described above are fixed
to each other to obtain the optical wavegui de device 40 after the 35

i ntersection of the first and second optical wavegui des 21 and 22 exposed
on the end surface of the half clad | ayer @2A of the first chip 40A is
opposed to the end surface of the third optical wavegui de 23 exposed on
the one end surface of the half clad l-ayer 32B of the second chip 40B, and
then, the nutual positioning between the 40 intersection of the first and
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themto each ot herHowweser,dh theepride cqmcazlemvegurdetdwmeate shioven in

follow ng prgeess QerEQQ?@Wﬁrd@éﬂth%alled active alignment in this technical
25 field have to be used in case of aligning the first and second optical
waveguides 21 and 22 with each other to obtain the maximum quantity
of light and thereafter fixing them to each other.
In case of aligning the first and second optical waveguides 21
and 22 with each other and coupling them to each other by use of the
30 active alignment process, the following process or procedure must be
carried out, which comprises the steps of: inputting light from a light
source not shown into the input end of the second optical waveguide
22 of the first optical waveguide chip 40A; inputting the light emitted
from the output end of the second optical waveguide 22 through the
35 dielectric multilayer film filter 41 into the input end of the third
optical waveguide 23 of the second optical waveguide chip 40B;
locating a position at which the maximum quantity of the light
propagating through the third optical waveguide 23 can be obtained
(usually, the second optical waveguide chip 40B is mounted on a X-Y-
40 Z axis stage which is movable at high accuracy in the directions of




carried out, which conprises the steps of: inputting light froma |ight
source not shown into the input end of the second optical wavegui de 22 of
the first optical waveguide chip 40A; inputting the light emtted fromthe
out put end of the second optical wavegui déf 22 through the 35 dielectric

mul tilayer filmfilter 41 into the input end of the third optical
wavegui de 23 of the second optical waveguide chip 40B; |ocating a position
at which the maxi mum quantity of the light propagating through the third
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present I nvent o O provi facturlng an opti ca

wavegui de devi ce which conprises the 30 steps of. cutting a PLC type
opti cal mv@ﬁMM@Yg@EEHEd&MENTION

It is an object of the present invention to provide an optical
25 waveguide device in which a plurality of PLC type optical waveguide
chips are optically coupled with each other at high accuracy by a
passive alignment process. |
It is another object of the present invention to provide a method
of manufacturing an optical waveguide device which comprises the
30 steps of: cutting a PLC type optical waveguide device having an
optical waveguide of a predetermined pattern formed on an optical
waveguide substrate in a plurality of optical waveguide chips;
providing a dielectric multilayer film filter on an exposed end surface
of an optical waveguide of a predetermined one or more of the optical
35 waveguide chips; and optically coupling two optical waveguide chips
opposed to each other through the dielectric multilayer film filter
therebetween by a passive alignment process.
In order to accomplish the foregoing objects, in one aspect of
the present invention, there is provided a method of manufacturing an
40 optical waveguide device comprising the steps of: forming an optical
waveguide of a predetermined pattern on an optical waveguide



optical wavegui de of a predeterm ned pattern fornmed on an optical

wavegui de substrate in a plurality of optical waveguide chips; providing a
dielectric nuttilayer filmfilter on an exposed end surface of an optical
wavegui de of a predeterm ned one or nore-d8 -the optical 35 wavegui de chips
and optically coupling two optical wavegui de chips opposed to each other
through the dielectric nultilayer filmfilter therebetween by a passive

al i gnnent process. In order to acconplish the foregoing objects in one
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are iy gont gl end surface of at least one of the optical wavegu1de chips, on which
the intersection of the optical waveguide is exposing; and fixing means
fixing the plurality of optical waveguide chips aligned with one
 another by use of the guide groove in the state that they are in contact
with one another through the dielectric multilayer film filter put

30 between adjoining two optical waveguide chips.

In a preferred embodiment, the optical waveguide and the guide
groove are formed using photolithography technique and etching
technique. It is preferable that two guide grooves of generally “V”-
shape in section are formed on both sides of the optical waveguide.

35 In addition, the guide groove of generally “V”-shape in section
may be formed by forming a mask of a predetermined pattern made of
quartz system material on the surface of a clad layer covering the
optical waveguide therewith using photolithography technique and
etching technique, and thereafter, applying an anisotropic etching

40 using KOH liquid. Alternatively, the guide groove may be formed by
dicing.



with one another through the dielectric nmultilayer filmfilter put 30

bet ween adj oining two optical waveguide chips. In a preferred enbodi nent,
the optical wavegui de and the guide groove are formed using

phot ol i t hography techni que and etching te&hnique. It is preferable that
two gui de grooves of generally "V'- shape in section are fornmed on both
sides of the optical waveguide. 35 In addition, the guide groove of
generally "V'-shape in section nay be formed by formng a mask of a
predet ermi ned pat t bi another preferred tembydimentpgeooves dor pasitioninge of a
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results in reductlon in manufacturmg cost of an optical waveguide
device. Furthermore, time and labor needed to manufacture an optical
25 waveguide device can be remarkably reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view showing, in outline, the

construction of an example of the prior PLC type optical waveguide;

30 Fig. 2 is a perspective view showing, in outline, the
construction of another example of the prior PLC type optical
waveguide;

Fig. 3 through Fig. 6 illustrate a method of manufacturing a
first embodiment of the PLC type optical waveguide device according

35 to the present invention in sequence of process steps thereof, wherein
Figs. 3, 4 and 6 are perspective views and Fig. 5 is a plan view;

Fig. 7 is a perspective view showing, in outline, the
construction of a second embodiment of the PLC type optical
waveguide device according to the present invention; and

40 Fig. 8 is a plan view showing, in outline, a third embodiment of
the PLC type optical waveguide device according to the present



Fig. 1 is a perspective view showng, in outline, the construction of an
exanpl e of the prior PLC type optical waveguide; 30 Fig. 2 is a
perspective view showing, in outline, the construction of another exanple
of the prior PLC type optical waveguide;18ig. 3 through Fig. 6 illustrate
a method of manufacturing a first enbodi nent of the PLC type optical
wavegui de device according 35 to the present invention in sequence of
process steps thereof, wherein Figs. 3, 4 and 6 are perspective views and
Fig. 5is a plvhtibgW Fig. 7 is a perspective view show ng, in outline,
the construction of a second embodi nent of the PLC type opti cal maveQU|de
devi ce according.to_the prese
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general “ ».shaped optical waveguide 2 made of quartz system glass
layer or polymer thin film and formed on the surface of the optical
waveguide substrate 31; a clad layer 32 made of quartz system glass
25 layer or polymer thin film and formed on the surface of the optical
waveguide substrate-31 in such manner that the optical waveguide 2 is
covered with the clad layer 32; and two guide grooves 51 of “V”-shape
in section, in this example, formed on the optical waveguide substrate
31 along the longitudinal direction thereof on both sides of the
30 generally “X”-shaped optical waveguide 2 in parallel with each other
respectively. Further, in the figure, though the optical waveguide 2 is
shown in the manner that the top surface thereof is exposed, in reality,
the top surface of the optical waveguide 2 is also covered with the clad
layer 32. In addition, a lower clad layer made of quartz system glass
35 layer or polymer thin film has been formed under the optical
waveguide 2. The optical waveguide 2 corresponds to the core of an
optical fiber having high refractive index, and the lower clad layer and
the clad layer 32 (upper clad layer) correspond to the clad of the
optical fiber having low refractive index.
40 The two “V”-shaped guide grooves 51 formed on the both sides
- of the optical waveguide 2 are penetrated in the optical waveguide



covered with the clad layer 32; and two gui de grooves 51 of "V'-shape in
section, in this exanple, fornmed on the optical wavegui de substrate 31

al ong the longitudinal direction thereof on both sides of the 30 generally
X'-shaped optical waveguide 2 in parallef1with each other respectively.
Further, in the figure, though the optical waveguide 2 is shown in the
manner that the top surface thereof is exposed, in reality, the top
surface of the optical waveguide 2 is also covered with the clad |ayer 32.
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Next, the optical waveguide device 50 constructed as described
above is cut in two exact halves or chips along a line across the optical
waveguide substrate 31 at substantially right angle thereto (in the
direction perpendicular to the longitudinal direction of the optical

30 waveguide substrate 31), the line passing through the intersection or
junction between the first and second optical waveguides 52 and 53, in
this example. This cutting process can be carried out by, for example,
dicing. The cutting process provides first and second two optical
waveguide chips each having a generally “V” or “U”-shaped optical

35 waveguide formed by one of the halves of the first optical waveguide
52 and one of the halves of the second optical waveguide 53.

Fig. 4 is a perspective view showing, in outline, the
construction of the first optical waveguide chip SOA that is one of the
halves of the optical waveguide device 50 obtained by cutting it, and

40 Fig. 5 is an enlarged plan view showing an area including the



25 technique. Next, the optical wavegui de device 50 constructed as
described above is cut in two exact halves or chips along a |ine across
the optical waveguide substrate 31 at substantially right angle thereto
(in the direction perpendicular to the- %3gitudinal direction of the .
optical 30 wavegui de substrate 31), the line passing through the

I ntersection or junction between the first and second optical wavegui des
52 and 53, in this exanple. This cutting process can be carried out by,
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the intersedayen &ﬁAtm which the intesgection0f thmﬁrshand second half optical
waveguides 52A and 53A are exposing. In such case, the dielectric
25 multilayer film filter 54 may be provided only on the area of the end
surface of the half clad layer 32A on which the intersection of the first
and second half optical waveguides 52A and 53 A are exposing, or it
may be provided on all over the end surface of the first optical
waveguide chip 50A including the end surface of the half clad layer
30 32A on which the intersection of the first and second half optical
waveguides 52A and 53A are exposing. Alternatively, a dielectric
multilayer filter of thin film previously formed may be secured by use
of an adhesive in place of deposition of a dielectric multilayer film.
Further, the thickness of the dielectric multilayer film filter 54 is very
35 thin in reality, but it is shown in exaggeration in Figs. 4 and 5 in order
to show the existence of the filter 54 itself in these drawings.

On the other hand, the second optical waveguide chip 50B that
is the other of the halves of the optical waveguide device 50 obtained
by cutting it, as shown in Fig. 6, comprises: a half optical waveguide

40 substrate 31B; first and second half optical waveguides 52B and 53B
forming a generally “V”-shape and formed on the surface of the half



wavegui des 52A and 53A are exposing. In such case, the dielectric 25
multilayer filmfilter 54 nay be provided only on the area of the end
surface of the half clad |ayer 32A on which the intersection of the first
and second hal f optical wavegui des 52A and353A are exposing, or it may be
provided on all over the end surface of the first optical waveguide chip
50A including the end surface of the half clad |layer 30 32A on which the

i ntersection of the first and second half optical waveguides 52A and 53A
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straight |im0ANdnd#B0B. sThegude pins 55 and 56 are fitted in the “V”-shaped
25 guide grooves 51A and 51B of the first and second optical waveguide
chips 50A and 50B opposed to each other with a predetermined space
therebetween. By fitting the guide pins 55 and 56 in the “V”-shaped
guide grooves 51A and 51B of the first and second optical waveguide
chips 50A and 50B, the first and second optical waveguide chips 50A
30 and 50B are aligned with each other in the state that the intersection of
the first and second half optical waveguides 52A and 53A of the first
chip 50A and the intersection of the first and second half optical
waveguides 52B and 53B of the second chip 50B are opposed to each
other.
35 Then, the first and second optical waveguide chips 50A and
50B are moved toward each other so that the intersection of the first
and second half optical waveguides 52A and 53 A abuts on the
intersection of the first and second half optical waveguides 52B and
53B through the filter 54. Since the movement of the first and second
40 optical waveguide chips 50A and 50B toward each other are conducted
as they are guided by the guide pins 55 and 56, the first and second



size (diameter) to be fitted in both of the "V'-shaped two guide grooves
51A and 51B of the first and second optical waveguide chips 50A and 50B.
The guide pins 55 and 56 are fitted in the "V'-shaped 25 gui de grooves 51 A
and 51 B of the first and second optical- #dvegui de chi ps 50A and 50B
opposed to each other with a predeterm ned space therebetween. By fitting
the guide pins 55 and 56 in the "V'-shaped guide grooves 51A and 51B of
the first and second optical waveguide chips 50A and 50B, the first and
second opt i ceptival egaveguidds phifE080A0andd5 GBRireretatnedéd sibstantiablyotiver

in the stateglhal, b dAU1ef 86004 fhe 55 teBiTbIF 9FaREnar thers t@@él
waveqgui des n% l{%e{% ﬁ%gk dm er e
gul des S KR rtha@%&i@é%“

first and seWGVEEH ‘fllcé Shi?\i‘i
50B are opposecbnd opdital wanegnids chips, SQAI@ITd 5913 arg @%ﬂﬂ)ﬁ@le@ﬁ ether

wavegui ge- chi@pghabthéptiddlBrvavegivde devivaiof thecfirstt dmbodiniérag ighe - -
I ntersecti On°81t"‘r]~1f1§f% I fst and second hal f optical wavegui des 52A and 53A

but th é} t f the f t d half | i d
595 and 535 t hr oud SRITDPUADONE, SRkE ADeneY SAGRAT B0 IETOOVES S By
second 40 opandeﬂIB/aoambedbrnmd)suahAhaMhe(}chaayd)femﬁual tp@sm:)a
conduct ed aﬁeﬁb@ ¢nh@ ‘W"dsq{hﬂbﬂ Bﬁ@%r@@v@b"ﬂﬁ%ﬁ@l@anﬂ"ﬁléb picaind
second,_ - 14- tlca at q‘ugg and 50 @ st
subst ahPi al | atvﬁémQSﬁée‘g ?%ﬁ%le é?l%s@? %;glfe ggﬁg S8 of
themif the thatithsl ﬁrswaopgaahavm@gm@lesoh@wmand h st at e,
the first angga de chip 508 arybeouglet imlopeoﬁ%tamt}ﬁé)ﬁ:lamhér,)cﬁrbto each
.gz)rr:rpe)lre?efio tpé %1 reltlbfgc}hﬁnvﬁ’@ﬁ@e Eﬁicldcﬁecﬁﬂ: c?{]orf Bgtﬁbr tsteArP deBRd hélfan
518 can be fOPHER JRYEEWMCS TRARR] ﬁ@? aﬁferg%g ot 9@%?@2&@

"V'-shhped gseatndhadf eptinl waveguiiem ZBwand 3Bsh 01td dvalseghavehigh and
agv'esu?ggaL K dccra htﬁl td fséﬁfnsrﬁaﬁemthhﬁ 0.2en ﬁi afg otheatwbhdsfthet bOIOt i ﬁ?'

i nt ogcont act? I&n ?% % oﬁ]ﬁ’e ﬁ?ﬂ &ﬁeg’?’ | ongﬁ\/&@ﬁb? IE%S%%A afitd
i ntersecti o3 @ﬂ er qtersRption #d isesp lﬁﬂggagZA and 53A
and the i nt ewaseguides52Band 6538 ahdull(’ébsaecppdswlto atignedawdtiiicach 52B
and 5389 fgg%ﬁ]&]é@h rsgghggcry%gﬂég%yoﬁsﬂﬂléﬂh@n Omeyiir than 0.2 m In

hiaRgALs dspthard, af ﬁ' £ J?*%%ﬁ@li% QFf

wavegui des 52A and
optical wavidy aknessm ama eﬁ&hgrdml%pmc miplélsléblef Ber 3del %ﬁch

optical waveguide chip 50A may be formed by a cutting work for
example, on an area of the end surface of the second optical

25 waveguide chip 50B at the cut side thereof, the area including the
intersection of the first and second half optical waveguides 52B and
53B exposed on the end surface of the half clad layer 32B at the cut -
side thereof. By forming such recess, when both the optical
waveguide chips 50A and 50B are brought into contact with each

30 other, a very small gap corresponding to the thickness of the dielectric
multilayer film filter 54 cannot be produced between the optical
waveguide chips 50A and 50B. Alternatively, as discussed above, if
the dielectric multilayer film filter 54 is formed all over the end
surface of the first optical waveguide chip 50A including the

35 intersection of the first and second half optical waveguides 52A and
53A exposed on the end surface of the half clad layer 32A, the optical
waveguide chips 50A and 50B are integrated through the dielectric
multilayer film filter 54 put therebetween as one unit. As a result, it is
unnecessary to form a recess on an area of the end surface of the

40 second optical waveguide chip 50B including the intersection of the




20 other at high accuracy equal to or smaller than 0.2 m Further, a recess
having its depth and area corresponding to the thickness and area of the
dielectric multilayer filmfilter 54 of the first optical wavegui de chip
50A may be formed by a cutting work, for-18xanple, on an area of the end
surface of the second optical 25 wavegui de chip 50B at the cut side
thereof, the area including the intersection of the first and second hal f
opti cal wavegui des 52B and 53B exposed on the end surface of the half clad
layer 32B atfitdteandisecondehalfeo tal ﬁaaxiegmdag XBrand68B, when both the
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film filter 54, propagates through the first half optical waveguide 52B

25 of the second optical waveguide chip 50B, and is emitted to the
outside from the output end of the first half optical waveguide 52B.

Fig. 7 is a perspective view showing, in outline, the

construction of a second embodiment of the PLC type optical
waveguide device according to the present invention. This second

30 embodiment is configured such that in the optical waveguide device 50
that forms the basis of the first embodiment shown in Fig. 3, the
length of the optical waveguide substrate 31 in the longitudinal
direction thereof is extended to have the extensions of the optical
waveguide substrate 31 at both sides of the generally “X”-shaped

35 optical waveguide 2 formed on the surface of the optical waveguide
substrate 31 in the longitudinal direction thereof, and optical fibers are
fixed on the extensions of the optical waveguide substrate 31 in the
state that the optical fibers are opposed to the exposed end surfaces of
the optical waveguide 2, respectively. Further, portions and elements

40 in Fig. 7 corresponding to those in Fig. 6 will be denoted by the same



" therethrough, light having its wavelength Xl is reflected by the 20
dielectric nultilayer filmfilter 54, propagates through the second half
optical waveguide 53A, and is emtted to the outside fromthe output end
of the second half optical wavegui de 53A 18 the other hand, 1ight having
its wavel ength A 2 passes through the dielectric nultilayer filmfilter
54, propagates through the first half optical waveguide 52B 25 of the
second optical waveguide chip 50B, and is emtted to the outside fromthe

output end ofefebenée chiarheters affixed theretguand therexpleangtion thereof will
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waveguide substrate 31) as well passing through the intersection or
25  junction between the first and second optical waveguides 52 and 53,
the dielectric multilayer film filter 54 is formed by deposition of a
dielectric multilayer film on an area of the end surface of the first
optical waveguide chip 60A at the cut side thereof, the area including
the intersection of the first and second half optical waveguides 52A
30 and 53A exposed on the end surface of the half clad layer 32A at the
cut side thereof, and thereafter, two guide pins 61 and 62 each having
a predetermined length and being formed substantially in a straight
line are fitted in both of the “V”-shaped two guide grooves 51A and
51B of the first and second optical waveguide chips 60A and 60B. By
35 fitting the guide pins 61 and 62 in the “V”-shaped guide grooves 51A
and 51B of the first and second optical waveguide chips 60A and 60B,
the first and second optical waveguide chips 60A and 60B are aligned
with each other in the state that the intersection of the first and second
half optical waveguides 52A and 53A and the intersection of the first
40 and second half optical waveguides 52B and 53B are opposed to each
other, like the first embodiment. In this state, the first and second




Fig. 7 illustrates the state that the optical wavegui de device constructed
as described above is cut in first and second two optical 20 wavegui de
chi ps 60A and 60B which are the exact halves of the optical wavegui de
device in the direction of traversing theldptical waveguide substrate 31
at substantially right angle thereto (in the direction perpendicular to
the longitudinal direction of the optical waveguide substrate 31) as well
passi ng through the intersection or 25 junction between the first and
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25 Fig. 8 is a plan view showmg, in outline, a third embodiment in
which the present invention is applied to an optical waveguide device
for dividing or multiplexing three lights having different wavelengths
from one another. The optical waveguide device is constituted by
first, second, and third three optical waveguide chips 70A, 70B and
30 70C. The first optical waveguide chips 70A is separated from the
optical waveguide device by cutting the optical waveguide device
along a line across the optical waveguide substrate at substantially
right angle thereto, the line passing through the intersection or
junction between first and second optical waveguides 71 and 72. The
35 second and third optical waveguide chips 70B and 70C are separated
from each other by cutting the optical waveguide device along a line
across the optical waveguide substrate at substantially right angle
thereto, the line passing through the intersection or junction between
the second optical waveguide 72 and a third optical waveguide 73.
40 Accordingly, the first optical waveguide chip 70A has the first
optical waveguide 71, one end part 72A of the second optical



optical waveguide chips, a filter is attached to one of the optical
wavegui de chi ps, and then, the two optical waveguide chips are re- coupl ed
in the state as if they have not been cut or separated. In case of an
optical wavegui de device that divides or-m@ iiplexes three or 20 nore

| i ghts having different wavel engths from one another, the optical
wavegui de device will be cut in three or nore optical waveguide chips, a
filter wwll be attached to required one or nore of the optical waveguide
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chips 70A, 70B and 70C, thereby to align the first, second and third

25 optical waveguide chips 70A, 70B and 70C with one another; and
bringing the aligned first, second and third optical waveguide chips
70A, 70B and 70C into contact with one another and fixing them.
Further, the details of the manufacturing steps are the same as those in "
the first embodiment and the explanation thereof will be omitted here.

30 The optical waveguide device constructed as described above
operates as a WDM device for dividing or multiplexing three lights
having different wavelengths from one another. For example, the first
dielectric multilayer film filter 74 is set in its filter characteristic such
that light having its wavelength A1 is reflected thereby and light

35 having its wavelength A2 or A3 is transmitted therethrough, and the
second dielectric multilayer film filter 75 is set in its filter
characteristic such that light having its wavelength A2 is reflected
thereby and light having its wavelength A3 is transmitted therethrough.
In such filter characteristics, light having its wavelength A1, light

40 having its wavelength A2 and light having its wavelength A3 are




second optical waveguide 72 is exposing as well as form ng a second 15
dielectric nultilayer filmfilter 75 by deposition of a dielectric

mul tilayer filmon over all the end surface of the second opti cal

wavegui de chip 70B at the cut side thereofl9 on which the intersection of
the mddle part 72B of the second optical waveguide 72 and the mddle part
73B of the third optical waveguide 73 is exposing; 20 thereafter, like the
first and second enbodi nents, fitting two guide pins not shown, each
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In each of the above embodiments, silicon (Si) is used as an

optical waveguide substrate, but any substrate made of other material
such as glass substrate can be used as an optical waveguide substrate if
guide grooves of “V”-shape in section for aligning a plurality of
optical waveguides and a plurality of optical waveguide chips with

30 each other can be formed thereon precisely. In case of using a glass
substrate, “V”-shaped guide grooves for aligning a plurality of optical
waveguide chips with each other can be formed by dicing (die-
cutting). In addition, it is needless to say that patterns and/or
materials of optical waveguides are not limited to those shown in the

35 embodiments. Further, guide grooves for aligning a plurality of
optical waveguide chips with each other may be modified in shape
thereof in accordance with shape of guide pins fitting in the guide
grooves, and hence the shape of the gulde grooves is not limited to
“V”-shape in section.

40 As is apparent from the foregoing, in accordance with the



part 73B and the one end part 73A of the third optical waveguide 73 and is
"emtted to the outside fromthe output end of the one end part 15 73A
While, only light of wavel ength X3 passes through the second dielectric
multilayer filmfilter 75, and propagat es20hr ough the other end part 72C
of the second optical waveguide 72 and is emtted to the outside fromthe
output end of the other end part 72C. Thus, it will be wunderstood that the
optical wavegui de device shown in Fig. 8 operates 20 as a WDM device for
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25 invention defined by the appended claims.



| nproved. Thus, there are provided an optical wavegui de device and a

met hod- of manufacturing the optical wavegui de device that are capable of
renoving all of the disadvantages of the prior art described 15 above.
Wil e the present invention has been desc2ibed with regard to the
preferred enbodi nents shown by way of exanple, it wll be apparent to
those skilled in the art that various nodifications, alterations, changes,
and/ or mnor inprovenents of the enbodi ments 20 descri bed above can be nade

wi t hout depaWHAT TIScCLIABMEIDITS: and the scope of the present invention.
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one another; and

bringing the aligned plurality of optical waveguide chips into
contact with one another and fixing them.

25 2. The method as set forth in claim 1, further including a step
of forming grooves for positioning optical fibers on both end portions
of the optical waveguide substrate in the longitudinal direction
thereof, on which the optical waveguide is not formed, said grooves
being formed on the surfaces of the both end portions in the

30 longitudinal direction of the optical waveguide substrate in the state
that they are aligned with exposed end surfaces of the optical
waveguide respectively.

3. The method as set forth in claim 1, wherein the step of
35 forming at least one guide groove includes a step of forming two guide
grooves of generally “V”-shape in section on both sides of the optical
waveguide.

4. The method as set forth in claim 2, wherein the step of

40 forming at least one guide groove includes a step of forming two guide
grooves of generally “V”-shape in section on both sides of the optical
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t hereof, on which the optical waveguide is not forned, said grooves being
formed on the surfaces of the both end portions in the 30 |ongitudinal
direction of the optical wavegui de substrate in the state that they are
aligned with exposed end surfaces of the @@tical wavegui de respectively.
3. The method as set forth in claim1l, wherein the step of 35 form ng at

| east one gui de groove includes a step of formng two guide grooves of
generally "V'-shape in section on both sides of the optical waveguide. 4.
The nmethod agayeigufideth in claim2, wherein the step of 40 formng at |east
one guide groove i1ncludes a step of formng two guide grooves of generally
"V'-shape in sectign both sides of . the.optical_ | LOILI JITIIL 11111
T T e L i Sthomethod s v, fost RelaEpnbavherein thgaptieal ¢l ai m
1, wherein twaveguidelanduheguide gnodwehargforinedrvsing phetélathegiraptiyng
phot ol i §hogrgiihigaet ' ieRieng technique. 6. The nmethod as set
forth i% claim 2,lq\?ﬁeﬁ@h&%§l%¥?}ggﬁwé\7\avegui de and the guide groove are
formed using photolithography _.technique and etching_technigue. 10 7. The
met hod as set fort@.ihhemethad agsatdorth i dasp 25 Whegewn the aptieakt one
gui de gr ooxd/ewia%vtelgmdde drid tlse glﬁdefgrofwxmrtgf?]rmedlq#sihgap?bedlé}lﬂgmia]ﬂw :
pattern ma : r ] on the surface of a clad | ayer
coveri thgt&f?glggtéi %@amg%%?%éelﬁ% reévvi t h usi ng photolithography
technigae and etching technique; and applying, an ani sotropjc etching using
KOH liquid to forh alheanethodasguetdorth invaaim bewdereiy therstepagfe in -
ide! grevAR0 i el deshiier stepsf 68m the surface of

section penfirinting @t 18asthénetu . .
% rBajq%PM‘ﬁ{aedé‘o he at
[ e ‘et hod .as

idelg .
the 20 clad layer. 8. TP&'ngﬁI‘ %gn.lgd%ksd(?fégéf?fet égn ol s orth

| east one guide grogve 1S TO ,?

in claimi1, SRaFESYSRE Matstial optheiswriace ofidrlad 12XenEPVETIREIG i | m
filterlbncl uojptical wayegiideothdneyith wiinggphotalithwgraphyetechniqueianér by
deposition (Etchiﬂ'ng@thiQQe; gydti |l ayer filmon an end surface of one of the

optical wavegui de " chi ps,, g\ 61 diSotrdpit ¥iehing WinkROM1iEAld to
wavegui de i s, exposi ng. . P X .
form at least one guide groove of generally “V”-shape in section
penetrating in the optical waveguide substrate from the surface of the

20 clad layer.

8. The method as set forth in claim 1, wherein the at least one
guide groove is formed by dicing.

25 9.  The method as set forth in claim 1, wherein the step of
providing a dielectric multilayer film filter includes a step of forming
a dielectric multilayer film filter by deposition of a dielectric
multilayer film on an end surface of one of the optical waveguide
chips, on which the intersection of the optical waveguide is exposing.

30

10. The method as set forth in claim 2, wherein the step of

providing a dielectric multilayer film filter includes a step of forming
a-dielectric multilayer film filter by deposition of a dielectric
multilayer film on an end surface of one of the optical waveguide

35  chips, on which the intersection of the optical waveguide is exposing.

11. The method as set forth in claim 1, wherein the step of
providing a dielectric multilayer film filter includes a step of fixing a
dielectric multilayer filter of thin film on an end surface of one of the
40 optical waveguide chips, on which the intersection of the optical

waveguide is exposing.
) 0




30 10. The nethod as set forth in claim2, wherein the step of providing a
dielectric nmultilayer filmfilter includes a step of formng a dielectric
multilayer filmfilter by deposition of a dielectric multilayer filmon an
end surface of one of the optical wavegui 88 35 chips, on which the

I ntersection of the optical waveguide is exposing. 11. The nethod as set
forth in claiml1, wherein the step of providing a dielectric nultilayer
filmfilter includes a step of fixing a dielectric nultilayer filter of
thin filmon an end surface of one of the 40 optical wavegui de chips, on
whi ch the intersecido ' | [ ' I I Je 11111
LETEE ML 1L Ll Li% L %égw&g%ﬁgg‘ﬁﬁi’?ﬂ‘ﬂég@é WHEE ] the Sgigi‘? 2,

wher ei n t he BRGHAERE 3 diglachiic multilayer fllm filter inglndes jarstep @EOXING Ades
a step of fidiebectric dieltelatyerfiltet wfl thinrfilml|dreancénd tsurficd of @neofdahe
sur f aces of 1841 Witvegnide! ¢1Q§Js, \eﬁlvaﬂﬂbﬁqm:ﬁérsmim'mhg@tighﬂ section

of the opticgl W | S..exposing. 13. An optical waveg evi ce
conpri si ng: aKFé’ﬁiﬁ?ﬁgﬁ% oc%ﬁgt:al wavegui de chips fornmed by cutting an 10
opti cal wavegui de device conprising an optical wavegui de substrate having
an optical waveguiI®. cAnaoptiedkbtearveguidepddtieercémprisingt hereon and at

least one guide groQtRrdIRTRE dBtiAIcwaANTIle WANBE Hoie P ULty b L he

. . . ‘Iﬁri]h . ,
| ongi t.udi nal _di.rection thereof . 1nt rection’.o raver si.n opti cal
wveout e "o it aF aieaitle; device comprisin AR OPtical WaN BRI AR SubRTE Ry
through an ihavingeanioptical wayegnite0f aupredeterained pattesntformed| ti | ayer
filmfilter thesgbfiethdat deastene wiideg@overfotmadton the Pptiddl wakicgalide
exposing. anpistte m’fgén‘éé’?git?l@tiﬁ%ﬁﬁﬁﬁcﬁf&g} Phofedt, R UIrBHEHbEC LF o
20 ali gned WFEFCHTIBEHG ﬂﬁrlcsi:t%éewlﬁww e 8 sbstantially right angle:
they ak® inthenetarandipassing throughran intargaction of the opticalmvhviegayde;
fi lt m 1;: | \tAgf put bej @1@@%%@1%%%@@ fidedr p\ﬁy:))\ﬁiﬁédjéncdﬂ E’iﬁd éﬁfaEEiQ)dfe
" optic Vegqy . . i
oFoove hag. SeaSs ORK 6F (€ obtedi \ehleblids Shilndop \ERIGH RRE ifiidriEelithl
are formed Aptical Wayeguide bt PXRPSING:@R¢i de i n the | ongi t udi nal
direction of the dpxingmeansdixing theupluradity of optidad waveguide ehgps
theregfo 30 alpgnddeviahtonélaneilies bydgsslofithe @sidecbrdové initheCitaténthst
they are in contact with one another through the dielectric multilayer
film filter put between adjoining two optical waveguide chips.

14. The optical waveguide device as set forth in claim 13,
25 wherein the guide groove has a generally “V”-shape in section, and
two such guide grooves are formed on both sides of the optical
waveguide in the longitudinal direction of the optical waveguide
substrate over the overall length thereof. '

30 15. The optical waveguide device as set forth in claim 13,
wherein grooves for positioning optical fibers are formed on both end
portions of the optical waveguide substrate in the longitudinal
direction thereof, on which the optical waveguide is not formed, said
grooves being formed on the surfaces of the both end portions in the

35 longitudinal direction of the optical waveguide substrate in the state
that they are aligned with exposed end surfaces of the optical
waveguide respectively.

16. The optical waveguide device as set forth in claim 14,

40 wherein grooves for positioning optical fibers are formed on both end
portions of the optical waveguide substrate in the longitudinal
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wherein grooves for positioning optical fibers are forned on both end
portions of the optical wavegui de substrate in the longitudinal direction
t hereof, on which the optical waveguide is not forned, said grooves being
formed on the surfaces of the both end pe@4 ens in the 35 | ongitudinal
direction of the optical wavegui de substrate in the state that they are
aligned with exposed end surfaces of the optical waveguide respectively.
16. The optical wavegui de device as set forth in claim14, 40 wherein

o ooves_folr dixectiom theread, iorewHichethe @pﬁcﬁbwaobf.ﬁdeotstmehﬂorm@dgisem of
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state- ghat m%gﬁqeqlds?@@ﬁwly_h exposed end surfaces of the optical 5
wavegui de respectively. 17. The optical wavegui de device as set forth in
claim13, wherein_ said dielectric multilayer, filmfilter is a filter that
is formed by depoémfheoqpﬁcafwaa&gmée Yﬁqea@sese#fmiiofm shignd Jurt ace
of one 10 of whieretptsaididielectpid nhltilaper fiim fHtehig adilter ¢hatds formefid t he
optical  wavegdsodifi ' ,. iRy R U BRAGSHIEEe BT 686
forth i ol deposiFiara g%.lgé@mcﬁﬁﬁlﬁmj ' PRA SefaCe BT

di el ectPic nof the griical Wayegud
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e Spf; o hivh the ThférseeaiPn ot affe oftilal
surface of owaveguide ISRXRESINgavegui de chi ps, on which the intersection of
the optical waveguide is exposing.. | II" i 1“1 i1 t tii I 1ill * CL M
18. The optical waveguide device as set forth in claim 13,
wherein said dielectric multilayer film filter is a dielectric multilayer
15 filter of thin film that is fixed on an end surface of one of the optical
waveguide chips, on which the intersection of the optical waveguide is
exposing.
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