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1. Introduction

As the demand for high-speed digital communication such as data, video, and the
broadband internet increases, the required throughput of the modules in
communications systems will also increase’. Fast transmitter and receiver modules
are basic elements of such systems, which should be able to transmit terabits/s of
information via fiber. Such technologies in turn rely strongly on advanced opto-
electronic technologies, and the progress made in optical multiplexing current
transmission systems. Time Division Multiplex*** (TDM) and Wavelength Division
Multiplex®>®’ (WDM) have shown to be the most powerful transmission extension
techniques for long-haul during the last decade.

Over the last years, transmission via polymer optical fibers (POF) has developed
into the standard transmission technique in the automotive industry®® and in local
indoor networks®. There are, as it can be seen in fig. 1, many reasonable
applications for using POF. The forthcoming public network connection over XDSL
has a broad band access up to 100 Mbit/s. The services which can be provided for
indoor communication are divided in three parts:

“A/V Server Network” (communication between e.g. television, hifi-receiver
and DVD-player),

- “control server network” (massaging between e.g. refrigerator and stove)
“data server network” (data exchange between e.g. notebook and printer).

The combination of WDM and POF will broaden the horizon of low cost optical
customer premises networks.
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Fig. 1: Local Telecom Infrastructure™*?

WDM DeMux

Upcoming optical communication systems will take intensive use of the high
bandwidth of POF in the optical frequency domain to provide high speed data
connection for the fiber-in-the-home network, which is usually Ethernet based.
Wavelength division multiplex systems in the infrared communications window have
demonstrated that this technique is well suited to expand the capacity of the fibre
tremendously. To transpose this WDM-scheme to the POF-window between 350nm
to 850nm will provide an opportunity to expand the bandwidth length product of the
standard POF fiber from 100Mbit/100m to several Gigabit/100m. The usage of a
Coarse WDM scheme of 50nm/channel will provide up to 10 transmitting channels
with low individual bitrates, but high amount of 2000Mbit/s overall.

In this paper we present a new concept for the use of WDM-technique in the visible
range using polymer optical fibers (POF) as a transmission medium. The low
modulation bandwidth of the standard step-index POF of 100MHz/100m can be
overcome by the intensive usage of a relatively high number of transmission
channels with low modulation rate using the same physical fiber. Low cost optical
network elements like multiplexers (MUX) and demultiplexers (DEMUX) must be
provided. A patented concept**'*** with first results for low cost MUX/DEMUX will
be presented.



A principle sketch of the demuxer is shown in Fig. 2. In the first step, three
wavelengths are transmitted over a standard POF. The demuxer has to separate
the emitted light in its single monochromatic parts. Therefore, the divergent light
beam must be focused on a detection layer to regain the modulated parts of the
transported information. To separate the locations of the focus of each wavelength,
a high dispersive prism is used.

Prism

Detection
Layer

Fig. 2: Demux Proposal, principal sketch

The complete assembly is designed with the help of a computer-simulation-
program. Though the program shows better results for a configuration with a
concave mirror, see fig. 3. Therefore the mirror minimizes spherical and chromatic
aberrations to collimate the light, because the prism shows the lowest aberrations
and the best separation of the different wavelengths for collimated light. Thus, the
refraction power is divided in the concave mirror and a plan-convex lens behind the
prism to focus on the detection layer. The whole configuration is estimated to be
smaller then 60cm?.

The spot diagram is also shown in Fig. 3. It collects the transverse aberrations in
the image plane resulting from tracing a rectangular grid of rays (emerging from a
single object point) through the system. The circle shows a diameter of 10mm.
Hence, the gap between the three single wavelengths is about 5Smm. Thus cross-
talk is absolutely negligible.

All parts of this system can be manufactured with the help of the injection moulding
technique and therefore it is a very economical way to create a demuxer. This
technique can be used if the optical parts become mass products.



Fig. 3: 2D-Plot of computer designed Demuxer

Results

The first prototype produced by injection moulding technology is a simple
waveguide, shown in fig. 4. This device is manufactured for first tests of the
attenuation of the used materials. The core consists of PC (polycarbonate,
refractive index npc=1.59) and for the cladding PMMA (polymethylmethacrylate,
nPMMA:1-49) is used.

Fig. 4: Prototype of test waveguide

This prototype will be the basis for passive optical splitters/combiners. With this
technology 1:4 - splitter/combiner are easy processable. The attenuation of this
basic device is shown in tab. 1.



Attenuation [dB]
@ 660nm (red) @ 530nm (green) @ 470nm (blue)
1,80 2,17 2,52

Tab. 1: attenuation of simple waveguide

In comparison with conventional splitters for POF applications these results are very
auspicious. For the use of these devices as a 1:2 — splitter we estimate a loss of
5.3dB for 660nm. This is comprised of 1,8dB (@660nm) for the material, 3dB for
splitting 1:2 and app. 0.5dB for reflections. This results in a mean attenuation of
0,7 db/cm. Fig. 5 shows the attenuation of different couplers available on the market
and of our new coupler, based on the PC-POF device. It can be noticed that most of
the commercial products are showing an additional excess loss of more than 5 dB
in comparison to the results of the PC-POF. The new device will be excellent for
increasing existing POF-systems performance.

attenuation

[dB] B red 660nm

@ green 520nm
m blue 470nm

TOSLINK
Ratioplast
Leonhardy
DieMount

PC POF module

manufacturer

Fig. 5: comparison between different couplers

In fig. 6 a PC-POF module is shown with light coupled in. In this figure it is to be
recognized, that light exits at various points because of scattering at trapped air.
This results in an additional loss. To avoid this, the production process has to be
improved.



trapped air

Fig. 6: PC POF module with light

4. Conclusion

The WDM technique has the potential to expand the bandwidth-length product
tremendously in the visible range.

10GBit/s for in-house-networking is in the first discussion'®.This high data
throughput is only viable with WDM, as the data throughput for single-mode fiber is
limited by 2GBit/s. Hence, WDM over POF is “The Solution to Quality Ubiquitous

and Video Home Networking” *°.

For the WDM technique are components like a demuxer of central importance.
Hence, our attenuation measurements show results which are really comparable to
the best at the market available splitters. However with one main difference, the
demonstrated splitters can be fabricated in low cost injection moulding technology,
which make these devices capable to open WDM for mass production.
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