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Three-Dimensional Optical Waveguide Circuits Using a Light-
Induced Self-Written Technology
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Abstract

In order to smultaneoudy redlize high-speed data
transmission, low-cost and a lightweight network in
automotive applications, a wavelength division
multiplexing (WDM) optical communication system
has been considered to be a suitable solution. We
developed a light-induced self-written (LISW)
waveguide technology for a three-dimensiond (3-D)
opticd module fabrication. This technology utilizes
the selective polymerization of photo-polymerizing
resin blends and the sdlf-focusing phenomenon of the
optical fiber's outgoing beam by a refractive index
increase in the material hardening process. When an
optical fiber is soaked in two kinds of photo-
polymerizing resin blends in which the hardening

Keywords

wavelength differs ( A;> A,), and then the resin is
irradiated with A, light through the fiber, a hardened
polymer waveguide having a uniform diameter
geometry would grow from the fiber tip. This
method does not need any fiber alignment and
packaging process, therefore, cogt-effective module
fabrication can be expected. We aso confirmed two
key component formations necessary for the 3-D
WDM module: regrowth of the waveguide from the
backside of a WDM filter after passing through it,
and a 90° reflected waveguide using a 45° mirror.
Finally, we proposed the module structures for a bi-
directional and WDM application.

Optical waveguide, Opticd fiber, Photo-polymerizing resin, Optical communication, WDM,
Sdf-focusing effect, Selective polymerization
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Fig. 1 Growth of light-induced self-written (LI SW) waveguide.

Fig. 2 The growth process of the LISW optical
waveguide. A blue laser with awavelength of
488nm irradiated the resin via an optical fiber,
from top to bottom in the picture. (a) Initial
stage of irradiation. (b,c) Asthe waveguide
grows, scattering from the cured core became
dominant (blue color portion in the picture).
(d) A straight LISW waveguide (white color
portion) about 40 mm long formed at the fiber

tip.
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Fig. 3 Absorption spectra of the photo-polymerizing

resins used, (before hardening), and
propagation loss spectra of the fabricated
LISW optical waveguide.
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Table 1 Optical properties of used photo-
polymerizing resins.

Refractive Hardeni n(};]
) index wavelengt
Material — - (nm)
Liquid | Solid
) Radical type
Resin A acrylic 1482 | 1511 <550
) Cationic type
Resin B €epoxy 1453 | 1477 <400
1.54 ¢ I | |
f A= 23% A=0.8%
1.52 | NA=0.33 |— A — NA=0.19

wo'tJ

” 5
o 1. S e
ko] L N
g C mixture(A:B=7:3)
EIASEL%:“ = |
§ C
3 146 |
- e A=385nm
1_44 L1 et Ll L 111t

10”10 10010 10*
Exposure [mJ)/cm?]

Fig. 4 Refractive index variations against light exposure
for two different kinds of photo-polymerizing
resins and for a mixture of thetwo. Relative
index differences before and after curing of the
cladding material are 2.3% (NA=0.33) and
0.79% (NA=0.19), respectively.
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Fig. 5 Example of the formation of an LISW optical
waveguide. (a) Growth starting point for the
LISW optical waveguide. (b) Waveguide
surface close-up photograph.
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Fig. 6 LISW optical waveguides formed before and after transparent filters in continuity at a 45°
incidence angle. (a) A LISW optical waveguide grown by penetrating four transparent glass
filters of 150um thickness. (b) Enlarged photograph of the incidence portion to the filter.
The optical axis shift caused by the refraction can be observed. (c) Enlarged photograph of
the regrowth starting point at the filter back surface.
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waveguides fabricated by using amirror.
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Fig. 8 Proposal of aWDM (Wavelength Division Multiplexing) two-way optical
module using LISW waveguides.
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Fig. 9 Modal distribution transfer in a tapered region of LISW waveguide.

Fig. 10 Application for WDM module.
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