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HYBRID OPTICAL COUPLING MODULE
AND MANUFACTURING METHOD
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit under 35 U.S.C.
§119(a) of Korean Patent Application No. 10-2013-0000303,
filed on Jan. 2, 2013, the entire disclosure of which is incor-
porated herein by reference for all purposes.

BACKGROUND

[0002] 1. Field

[0003] The following description relates to a hybrid optical
coupling module and a manufacturing method thereof, and
more particularly, to a hybrid optical coupling module in
which an optical unit for transmitting light and an electrical
unit for converting an optical signal into an electrical signal
are separately manufactured and then coupled in order to
efficiently is optically couple the optical unit and the electri-
cal unit, and a manufacturing method thereof.

[0004] 2. Description of the Related Art

[0005] With generalization of mobile devices including
smartphones, smart pads, and the like, Internet traffic has
continuously increased, and routers, switches, transmission
devices, and the like with a high speed and large capacity have
been realized so as to efficiently transmit the Internet traffic.
[0006] In order to increase the transmission capacity per
unit time, a method in which optical signals with different
wavelengths are subjected to wavelength division multiplex-
ing (WDM) and transmitted to a single optical fiber in a
backbone transmission network has been mainly used since
2000, and even in case of an access network, technologies in
which optical signals with different wavelengths are bidirec-
tionally transmitted to a single optical fiber have been com-
mercialized. Even in an Ethernet field, a WDM method or a
method in which parallel transmission is performed through a
ribbon fiber has been likewise standardized.

[0007] In case of 40G Ethernet, a 10Gx4 channel coarse
wavelength division multiplexing (CWDM) method has been
employed as a standard in order to transmit a single mode
fiber of 10 km, and in case of 100G Ethernet, a 25Gx4 channel
local area network (LAN)-WDM method has been employed
as a standard in order to transmit single mode fibers of 10 km
and 40 km.

[0008] An optical transceiver denotes a module that per-
forms optical transmission and reception functions in an opti-
cal communication device such as an optical transmission
system, a large-capacity router, a switch, or the like which
uses an optical fiber as a medium.

[0009] Insuch an optical transceiver module, a structure in
which an optical component for performing optical-electric
conversion and electric-optical conversion functions is pro-
vided and a plurality of optical signals can be simultaneously
connected so as to receive signals of a large is capacity has
been proposed. As an example, in the WDM method, a
method of using a planar lightwave circuit (PLC) has been
mainly used in order to multiplex (MUX) or demultiplex
(DMUX) signals with several wavelengths. In case of a
double PLC, arrayed waveguide grating (AWG) may be used
or various grating technologies may be used in a silica or
silicon-based process.
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[0010] Since a PLC device is a passive component, a com-
plete product such as an optical receiver module may be
obtained only when the PL.C device should be coupled with
an active component such as a photo diode (PD). Here, the
components are made of different materials, and therefore
there are difficulties in simultaneously manufacturing the
components on a single substrate in the same processing.
[0011] Accordingly, the PLC, a light-emitting device (LD:
laser diode), and a light-receiving device (PD: photo diode)
which have been respectively manufactured in an individual
processing should be coupled with each other, which is called
hybrid integration.

[0012] Asamethod of coupling the PLC and the PD, a butt
coupling method of directly coupling light emitted from a
core of the PLC or a method of coupling light by reflecting a
path of light at an angle of 90° using a mirror surface 1 with
an angle of 45° as shown in FIG. 1 is widely used.

[0013] An existing 90° reflection coupling method has a
structure in which a PD is mounted on a PLC 2 or a mounting
board 3 is put on the PLC 2, and the PD and a transimpedance
amplifier (TTA) are sequentially disposed, and therefore there
are disadvantages in that a corresponding test may be per-
formed only after all components 4 are assembled and the
components should be thrown out in their entirety when a
defect occurs, resulting in degradation in mass-productivity.
In particular, a defect is more likely to occur when a large
number of channels are used, and the components should be
thrown out in their entirety when even only one channel
improperly is operates.

[0014] In addition, an active area of a PD that detects light
becomes smaller at a higher speed, and therefore coupling
efficiency is degraded as a distance between a reflection sur-
face 1 of the PLC 2 and the active area of the PD becomes
longer.

SUMMARY

[0015] The following description relates to a hybrid optical
coupling module which has a structure in which an optical
unit that is formed by bonding an array lens to an optical
transmission means and an electrical unit that mounts a photo
diode (PD) an a transimpedance amplifier (T1A) on a sub-
strate may be independently manufactured, tested, and then
actively aligned to thereby reduce a defective rate, and a
manufacturing method thereof. In addition, only one of the
optical unit and the electrical unit may be discarded even
when a defect occurs, thereby reducing production costs, and
the array lens may be integrally bonded to the optical trans-
mission means, thereby facilitating focusing of light in an
active area of the PD and reducing a loss rate.

[0016] In one general aspect, a hybrid optical coupling
module includes: an optical unit configured to include an
optical transmission means that transmits an optical signal,
and an array lens that is bonded at a point where the optical
signal ofthe optical transmission means is output and focuses
the output optical signal; and an electrical unit configured to
receive the optical signal focused through the array lens and
convert the received optical signal into an electrical signal,
wherein an alignment mark is formed on the optical transmis-
sion means and the array lens so that the array lens is bonded
at the point where the optical signal of the optical transmis-
sion means is output.

[0017] In another general aspect, a manufacturing method
of a hybrid optical coupling module is which includes an
optical unit configured to include an optical transmission
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means that transmits an optical signal and an array lens that is
bonded at a point where the optical signal of the optical
transmission means is output and focuses the output optical
signal, and an electrical unit configured to receive the optical
signal focused through the array lens and convert the received
optical signal into an electrical signal, the manufacturing
method includes: forming an alignment mark on the optical
transmission means and the array lens; forming the optical
unit by bonding the optical transmission means and the array
lens in accordance with the alignment mark; forming an
inclined surface on one side of the optical transmission
means; forming a reflection layer by applying high reflection
coating to the inclined surface; and actively aligning the opti-
cal unit in which the reflection layer is formed and the elec-
trical unit.

[0018] Other features and aspects will be apparent from the
following detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is a cross-sectional view showing a structure
of a conventional vertical optical coupling module;

[0020] FIG. 2 is a cross-sectional view showing a hybrid
optical coupling module according to an embodiment of the
present invention;

[0021] FIG. 3 is a diagram showing a state in which an
optical transmission means and an array lens are bonded with
each other;

[0022] FIG. 4 is a diagram showing a state in which an
inclined surface is formed on the bonded optical transmission
means and array lens;

[0023] FIG. 5 is a diagram showing a state in which a
reflection layer is formed on the inclined surface of FIG. 4;
[0024] FIG. 6 is a plan view showing an optical unit of FIG.
2;

[0025] FIG. 7 is a plan view showing an electrical unit of
FIG. 1,

[0026] FIG. 8 is a cross-sectional view showing a hybrid
optical coupling module according to another embodiment of
the present invention;

[0027] FIG.9is aplan view showing an optical unit shown
in FIG. 8;
[0028] FIG. 10 is a cross-sectional view showing a hybrid

optical coupling module according to still another embodi-
ment of the present invention;

[0029] FIG.11isaplanview showing an optical unit shown
in FIG. 10; and
[0030] FIG. 12 is a flowchart showing a manufacturing

method of a hybrid optical coupling module according to an
embodiment of the present invention.

[0031] Throughout the drawings and the detailed descrip-
tion, unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements may be exaggerated for clarity, illustration,
and convenience.

DETAILED DESCRIPTION

[0032] The following description is provided to assist the
reader in gaining a comprehensive understanding of the meth-
ods, apparatuses, and/or systems described herein. Accord-
ingly, various changes, modifications, and equivalents of the
methods, apparatuses, and/or systems described herein will
be suggested to those of ordinary skill in the art. Also, descrip-
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tions of well-known functions and constructions may be
omitted for increased clarity and conciseness.

[0033] FIG. 2 is a cross-sectional view showing a hybrid
optical coupling module according to an embodiment of the
present invention, and FIG. 6 is a plan view showing an
optical unit of FIG. 2. As shown in FIGS. 2 and 6, the hybrid
optical coupling module according to an is embodiment of the
present invention includes an optical unit 300 to include an
optical transmission means that transmits an optical signal
and an array lens 200 that is bonded at a point where the
optical signal of the optical transmission means is output and
focuses the output optical signal, and an electrical unit 400 to
receive the optical signal focused through the array lens 200
and convert the received optical signal into an electrical sig-
nal. Here, alignment marks 101 and 201 are formed on the
optical transmission means and the array lens 200 so that the
array lens 200 is accurately bonded at the point where the
optical signal of the optical transmission means is output.
[0034] In general, a component for converting an optical
signal into an electrical signal in an optical transceiver mod-
ule is called a receiver optical sub-assembly (ROSA). As a
parallel transmission method is increasingly used along with
an increase in the speed of optical communication, an optical
fiber array using a planar lightwave circuit (PLC) in which an
optical output is established in the form of multi-core process
ora V-groove of a silicon optical bench (SiOB) is widely used
in the ROSA module.

[0035] The optical signal output from the PLC or the opti-
cal fiber is converted into the electrical signal through a photo
diode (PD) to amplify an output current of the PD through a
transimpedance amplifier (TIA) and then converted into a
voltage. Here, it is necessary that coupling is efficiently per-
formed in an active area of the PD so that the optical signal is
converted into the electrical signal.

[0036] As shown in FIG. 2, the hybrid optical coupling
module according to an embodiment of the present invention
is composed of the optical unit 300 and the electrical unit 400.
The optical unit 300 includes the optical transmission means
and the array lens 200 for focusing an optical signal output
from the optical transmission means, and the electrical unit
400 receives the optical signal focused through the array lens
200 and converts the received optical signal into an electrical
signal.

[0037] FIG. 7 is a plan view showing an electrical unit of
FIG. 1.
[0038] According to an embodiment of the present inven-

tion, the electrical unit 400 includes a sub-mount 410, a
substrate 420 which is mounted on the sub-mount 410, and a
PD 430 and a TIA 440 which are mounted on the substrate
420 and are subjected to wire-bonding 450.

[0039] When a large number of channels are provided, the
substrate 420 may be divided into a plurality of substrates,
and the TIA 440 may be subjected to a wire-bonding process
with a pattern 460 formed on the substrate 420 for the purpose
ot high-speed transmission of electrical signals.

[0040] As described above, in the present invention, the
optical unit 300 and the electrical unit 400 are physically
separated, and therefore they may be independently manu-
factured, tested, and then coupled on a single metal plate
through active alignment. As a result, the overall defective
rate may be reduced.

[0041] FIG. 8 is a cross-sectional view showing a hybrid
optical coupling module according to another embodiment of
the present invention, and FIG. 10 is a cross-sectional view
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showing a hybrid optical coupling module according to still
another embodiment of the present invention.

[0042] The optical transmission means may be provided in
various known types that transmit the optical signal as shown
in FIGS. 8 and 10, and mounted on a separate sub-mount 140.
[0043] As an example, the optical transmission means may
include a multi-core type of a planar lightwave circuit (PLC)
110. In addition, according to another example, the optical
transmission means may include a silicon optical bench
(SiOB) 120 in which a V-groove 121 is formed and an optical
fiber 130 that is inserted into the V-groove 121 and fixed by
epoxy.

[0044] A case in which the optical transmission means is
the PLC 110 will be described as below.

[0045] AsshowninFIG. 6, in the optical unit 300 according
to an embodiment of the present invention, the alignment
marks 101 and 201 are respectively formed on the PLC 110
and the array lens 200 so that a center of the array lens 200 can
be placed at a point where light transmitted through a core 113
of the PL.C 110 is output.

[0046] A variety of shapes of the alignment marks 101 and
201 may be provided. By forming the alignment marks 101
and 201, the array lens 200 may be bonded to the PLC 110 in
a fixed position.

[0047] According to an embodiment of the present inven-
tion, the optical transmission means and the array lens 200
may be bonded with each other using an epoxy-based adhe-
sive.

[0048] Meanwhile, FIG. 3 is a diagram showing a state in
which an optical transmission means and an array lens are
bonded with each other, FIG. 4 is a diagram showing a state in
which an inclined surface is formed on the bonded optical
transmission means and array lens, and FIG. 5 is a diagram
showing a state in which a reflection layer is formed on the
inclined surface of FIG. 4.

[0049] According to an embodiment of the present inven-
tion, an inclined surface 111 is formed on the whole or a part
of one side end of the PLC 110, a reflection layer 112 for
vertically reflecting an optical signal is formed on the inclined
surface 111, and the array lens 200 is bonded at a point where
the optical signal reflected by the reflection layer 112 is out-
put.

[0050] The inclined surface 111 may be formed at an angle
of 45 degrees with respect to the alignment marks 101 and
201 formed on the PLC 110 or the array lens 200, and formed
through polishing or etching. High reflection (HR) coating is
applied to the inclined surface 111 formed in the above-
described method, thereby forming the reflection layer 112 by
which the optical signal is reflected.

[0051] The angle of the inclined surface 111 is most desir-
ably 45 degrees, but not limited to 45 is degrees because it is
difficult to accurately polish the inclined surface 111 in the
actual implementation.

[0052] FIG. 8 is a cross-sectional view showing a hybrid
optical coupling module according to another embodiment of
the present invention.

[0053] InFIG. 8, instead of polishing the PLC 100 and the
entire array lens 200 at the angle of 45 degrees, a concave
space 115 is formed in a part of the PL.C 110 where light of the
core 113 is output through an etching process, the inclined
surface 111 having an angle of 45 degrees is formed in an end
of the concave space 115, and the reflection layer 112 is
formed on the inclined surface 111.
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[0054] Meanwhile, as shown in FIG. 9, in the optical unit
300, the reflection layer 112 is formed on the inclined surface
111 formed in the PLC 110 so that a point where light is
reflected is placed at a center of the array lens 200, and then
the alignment mark 101 is formed.

[0055] In the same manner, the alignment mark 201 is
formed in the array lens 200. With respect to the alignment
marks 101 and 201 formed on the PL.C 110 and the array lens
200, the PL.C 110 and the array lens 200 may be bonded with
each other in a fixed position.

[0056] FIG. 10 is a cross-sectional view showing a hybrid
optical coupling module according to still another embodi-
ment of the present invention.

[0057] InFIG. 10, a case in which the optical transmission
means includes the silicon optical bench 120 in which the
V-groove 121 is formed and the optical fiber 130 inserted into
the V-groove 121 and fixed by epoxy will be described.
[0058] According to the present embodiment, an inclined
surface 122 is formed on one side surface of the V-groove 121,
areflection layer 123 for vertically reflecting an optical signal
is formed on the inclined surface 122, and the array lens 200
is bonded at a point where an optical is signal reflected by the
reflection layer 123 is output.

[0059] FIG. 11 is a plan view showing an optical unit shown
in FIG. 10.
[0060] Specifically, referring to FIG. 11, the inclined sur-

face 122 is formed on one side surface of the V-groove 121 so
that a point where light output from the optical fiber 130
inserted into the V-groove 121 of the silicon optical bench 120
is reflected is placed at a center of the array lens 200, the
reflection layer 123 is formed on the inclined surface 122, and
then the alignment mark 101 is formed.

[0061] Next, the optical fiber 130 is disposed in the
V-groove 121 so that an end of the optical fiber 130 moves in
front of the reflection layer 123 and fixed using epoxy. In the
same manner, since the alignment mark 201 is also formed on
the array lens 200, the array lens 200 may be bonded to the
silicon optical bench 120 with respect to the alignment marks
101 and 201 of'the array lens 200 and the silicon optical bench
120.

[0062] According to an embodiment of the present inven-
tion, a bonding surface between the optical transmission
means and the array lens 200 is subjected to anti-reflection
(AR) coating treatment so as to reduce a loss of light.
[0063] Inaddition, a surface on which light of the array lens
200 is output may be additionally subjected to AR coating
treatment so as to reduce a loss of the light.

[0064] FIG. 12 is a flowchart showing a manufacturing
method of a hybrid optical coupling module according to an
embodiment of the present invention.

[0065] The manufacturing method of the hybrid optical
coupling module according to an embodiment of the present
invention includes operation 100 of forming alignment marks
101 and 201 on the optical transmission means and the array
lens 200, operation 200 of forming the optical unit 300 by
bonding the array lens 200 to the optical transmission means
in accordance with the alignment marks 101 and 201, opera-
tion 300 of forming inclined surfaces 111 and 122 on one side
of' the optical transmission means through polishing or etch-
ing, operation 400 of forming reflection layers 112 and 123 by
applying high reflection (HR) coating to the inclined surfaces
111 and 122, and operation 500 of actively aligning the opti-
cal unit 300 in which the reflection layers 112 and 123 are
formed and the electrical unit 400.
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[0066] Before specific descriptions of the manufacturing
method of the hybrid optical coupling module according to an
embodiment of the present invention, detailed descriptions
applied in the same manner as that of the above-described
hybrid optical coupling module will be omitted, and it is
noted that the descriptions of the manufacturing method will
be understood with reference to the descriptions of the hybrid
optical coupling module.

[0067] The hybrid optical coupling module used in the
present invention includes the optical unit 300 to include the
optical transmission means that transmits an optical signal
and the array lens 200 that is bonded at a point where the
optical signal of the optical transmission means is output and
focuses the output optical signal, and the electrical unit 400 to
receive the optical signal focused through the array lens 200
and convert the received optical signal into an electrical sig-
nal.

[0068] In operation 100, the alignment marks 101 and 201
are formed on the optical transmission means and the array
lens 200. The optical transmission means may be provided in
various known types that transmit the optical signal, but as an
example, may include a multi-core type of PLC 110.

[0069] In addition, as another example, the optical trans-
mission means may include the silicon optical bench 120 in
which the V-groove 121 is formed and the optical fiber 130
inserted into the V-groove 121 and fixed by epoxy. A variety
of shapes of the alignment marks 101 and 201 may be pro-
vided.

[0070] In operation 200, the optical unit 300 is formed by
bonding the array lens 200 to the optical transmission means
in accordance with the alignment marks 101 and 201. By
forming the alignment marks 101 and 201, the PLC 110 or the
silicon optical bench 120 with the array lens 200 may be
bonded with each other in a fixed position. According to an
embodiment of the present invention, in operation 200, the
optical transmission means and the array lens 200 may be
bonded with each other by an epoxy-based adhesive.

[0071] In operation 300, the inclined surfaces 111 and 122
are formed on one side of the optical transmission means
through polishing or etching. When the optical transmission
means is the multi-core type of the PLC 110, the inclined
surface is formed on one side end of the PL.C 110 through
polishing or etching, and when the optical transmission
means includes the silicon optical bench 120 in which the
V-groove 121 is formed and the optical fiber 130 inserted into
the V-groove 121 and fixed by epoxy, the inclined surface 122
is formed on one side of the V-groove 121 through etching.
[0072] In operation 400, the reflection layers 112 and 123
are formed by applying HR coating to the inclined surfaces
111 and 122. The reflection layers 112 and 123 convert a path
of the optical signal by reflecting the optical signal output
from the optical transmission means.

[0073] In operation 500, the optical unit 300 in which the
reflection layers 112 and 123 are formed and the electrical
unit 400 are actively aligned.

[0074] According to an embodiment, the substrate 420 is
mounted on the sub-mount 410, a light receiving element 430
(PD: photo diode) and a preamplifier 440 (TIA: transimped-
ance amplifier) are mounted on the substrate 420, and then
wire-bonding is performed between the light receiving ele-
ment 430 and the preamplifier 440 and between the pream-
plifier 440 and the substrate 420.

[0075] As described above, according to the embodiments
of the present invention, since the optical unit 300 and the
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electrical unit 400 are physically separated, the optical unit
300 and the electrical unit 400 may be independently manu-
factured, tested, and then bonded with each other on a single
metal plate through active alignment, thereby reducing the
overall detective rate.

[0076] In addition, according to the embodiments of the
present invention, in the hybrid optical coupling module and
the manufacturing method thereof, the optical unit formed in
such a manner that the array lens is bonded to the optical
transmission means such as an optical fiber or a PLC and an
inclined reflection layer is formed on the optical transmission
means and the electrical unit in which a PD and a TIA are
mounted on the substrate may be independently manufac-
tured, tested, and then actively aligned, thereby reducing a
detective rate.

[0077] In addition, only one of the optical unit and the
electrical unit may be discarded even when a defect occurs,
thereby reducing production costs, and the array lens may be
integrally bonded to the optical transmission means, thereby
facilitating focusing of light in an active area of the PD and
reducing a loss rate.

[0078] A number of examples have been described above.
Nevertheless, it will be understood that various modifications
may be made. For example, suitable results may be achieved
if the described techniques are performed in a different order
and/or if components in a described system, architecture,
device, or circuit are combined in a different manner and/or
replaced or supplemented by other components or their
equivalents. Accordingly, other implementations are within
the scope of the following claims.

What is claimed is:

1. A hybrid optical coupling module comprising:

an optical unit configured to include an optical transmis-

sion means that transmits an optical signal, and an array
lens that is bonded at a point where the optical signal of
the optical transmission means is output and focuses the
output optical signal; and

an electrical unit configured to receive the optical signal

focused through the array lens and convert the received
optical signal into an electrical signal,

wherein an alignment mark is formed on the optical trans-

mission means and the array lens so that the array lens is
bonded at the point where the optical signal of the optical
transmission means is output.

2. The hybrid optical coupling module of claim 1, wherein
the optical transmission means includes a multi-core type of
planar lightwave circuit (PLC).

3. The hybrid optical coupling module of claim 1, wherein
the optical transmission means includes a silicon optical
bench (SiOB) in which a V-groove is formed and an optical
fiber inserted into the V-groove and fixed by epoxy.

4. The hybrid optical coupling module of claim 1, wherein
the optical transmission means and the array lens are bonded
by epoxy.

5. The hybrid optical coupling module of claim 2, wherein
an inclined surface is formed on one end of the PLC, a
reflection layer for vertically reflecting an optical signal is
formed on the inclined surface, and the array lens is bonded at
apoint where an optical signal reflected by the reflection layer
is output.

6. The hybrid optical coupling module of claim 3, wherein
an inclined surface is formed on one side surface of the
V-groove, areflection layer for vertically reflecting an optical
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signal is formed on the inclined surface, and the array lens is
bonded at a point where an optical signal reflected by the
reflection layer is output.

7. The hybrid optical coupling module of claim 1, wherein
the electrical unit includes a sub-mount, a substrate mounted
onthe sub-mount, a light receiving element (PD: photo diode)
mounted on the substrate, and a preamplifier (TTA: transim-
pedance amplifier).

8. The hybrid optical coupling module of claim 1, wherein
a bonding surface between the optical transmission means
and the array lens is subjected to anti-reflection (AR) coating
treatment so as to reduce a loss of light.

9. The hybrid optical coupling module of claim 1, wherein
a surface from which light of the array lens is output is
subjected to an AR coating treatment so as to reduce a loss of
light.

10. A manufacturing method of a hybrid optical coupling
module which includes an optical unit configured to include
an optical transmission means that transmits an optical signal
and an array lens that is bonded at a point where the optical
signal of the optical transmission means is output and focuses
the output optical signal, and an electrical unit configured to
receive the optical signal focused through the array lens and
convert the received optical signal into an electrical signal, the
manufacturing method comprising:

forming an alignment mark on the optical transmission

means and the array lens;

forming the optical unit by bonding the optical transmis-

sion means and the array lens in accordance with the
alignment mark;

forming an inclined surface on one side of the optical

transmission means;
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forming a reflection layer by applying high reflection coat-

ing to the inclined surface; and

actively aligning the optical unit in which the reflection

layer is formed and the electrical unit.

11. The manufacturing method of claim 10, wherein the
optical transmission means includes a multi-core type of
PLC, and the inclined surface is formed on one end of the
PLC.

12. The manufacturing method of claim 10, wherein the
optical transmission means includes a silicon optical bench
(SiOB) in which a V-groove is formed and an optical fiber
inserted into the V-groove and fixed by epoxy, and

the inclined surface is formed on one side surface of the

V-groove.

13. The manufacturing method of claim 10, wherein the
electrical unit mounts a substrate on a sub-mount, mounts a
light receiving element (PD) and a preamplifier (TTA) on the
substrate, and then performs wire-bonding between the light
receiving element and the preamplifier and between the
preamplifier and the substrate.

14. The manufacturing method of claim 10, wherein the
optical transmission means and the array lens are bonded by
an epoxy-based adhesive.

15. The manufacturing method of claim 11, wherein the
inclined surface is formed by polishing one side end of the
PLC.

16. The manufacturing method of claim 12, wherein the
inclined surface is formed by etching one side surface of the
V-groove.





