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Optical Path Redirected Waveguide Devices for Optical Interconnects

Seiki Hiramatsu
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Abstract:

Novel optical path redirected devices for optical interconnects are demonstrated. To ensure compact sizing
and higher integration, these devices have three-dimensional waveguide arrays. Femto-second laser writing
and wafer-level lamination technique were used to fabricate single-mode and multimode devices respectively.
These devices have three main features. (1) These devices contain two-dimensionally integrated
inputs/outputs. (2) Since cores were fabricated to the surface of the component, optoelectronic devices and
optical fiber can be directly coupled to the device. (3) Metal electrodes can be patterned on the device,
enabling optoelectronic devices to be mounted on it directly. The pigtail and receptacle connectors using
waveguide arrays were applied to optical interconnection modules called “active interposer”. These modules
have 10 Gbps data transmission performance. In graphic data transmission system using them, parallel data
transmissions for a 20 mega-pixel display of 40-inches were successfully obtained. The fabricated devices
have usefulness for application to high-integrated optical interconnection modules.

Keywords : three-dimensional waveguide array, two-dimensionally integrated 1/Os, optical path redirection,

active interposer, parallel data transmission, waveguide connector
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Fig.1 Schematic illustration of connection size for optical
interconnection modules.
(a) Bent fiber connection.
(b) Optical path redirection device structure.
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Fig.2 Schematic illustration of optical path redirected
waveguide device.
(a) Cross sectional view. (b) Oblique view.
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Fig.3 Schematic illustration of laser writing for optical path
redirected waveguide device.
(a) Start position. (b) Writing in Y-axis. (c) Writing in Z-axis.
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Fig.4 Photograph of fabricated single mode optical path
redirected waveguide device.
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Table.1 Insertion loss of single mode optical path redirected
waveguide device.

Ch. 1 Ch. 2 Ch. 3 Ch. 4 Ch.5 Ch. § Ch. 7 Ch.8

Optical loss (dB) 18 0 21 ] 18 18 20 1.8

Ch. 8 Ch. 10 Ch. 11
Optical loss (dB) 1.9 18 0 Fal 18 19 19 20

Ch.12 Ch 13 Ch 14 Ch 15 Ch 18

Ch 17 Ch. 18 Ch 19 Ch 20 Ch 21

Ch. 22 Ch 23 Ch 24

Optical loss (dB) 20 18 8 19 20 20 1.9 18
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Fig.5 Schematic illustration of multimode optical path redirected
waveguide device.
(a) Wafer level lamination.
(b) Dicing for making a mirror.
(c) Dicing for shaping the waveguide device.
(d) Multimode optical path redirected waveguide device.
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Fig.6 Photograph of fabricated multimode optical path
redirected waveguide device.
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Table.2 Insertion loss of multimode optical path redirected
waveguide device.

Channel 1 2 3 4
o B3 12w
Channel 5 6 T ]
Loss 12 13 o 12

(dB)
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Fig.7 Schematic illustration of optical backplane system.
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Fig.8 Photograph of optical backplane connector.
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Fig.9 Schematic illustration of receptacle connector for surface
mount technology.
(a) Oblique illustration. (b) Cross sectional illustration
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Fig.10 Schematic illustration of the front face of the fabricated
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MINZ/ER LZvEeFZ 7 vaxs7 ZDOIER
BEHE %71, VCSEL 7> b O A Y i 8 g5 /<
A ANTHBEREINTUF Yy R EBaX
7 ZOEBMICHFTZZ Elbhotz, Fi.
1212 VCSEL 7> b DS Y% BV iz FeiE
DRERETT, TORBRLIVBRELIaxs¥
1310 Gbps/ch D BIFimikitE 2o = & 238
O T S EIOKREITIXI x4 Fv RV
OXFFEEHBL VB EMD, ERLE=
R B IIEETERIIZA0 Gbps DAN—Tv %2
DI ENHALNZR T,

MT 7 = /—/-  VCSEL H53% HA FE R

Ml ZEBEERALVET 7V ax7 FOEEER
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