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Abstract

One of the most important features of polymer optical fiber is the possibility to adopt a
large core diameter, thus allowing low installation and handling costs. This makes these
robust optical fibers extremely suitable for in-home and LAN applications. 2.5 Gbit/s
Graded Index Polymer Optical Fiber (GI-POF) link experiments over distances up to 550
meters have already been established. For flexible high capacity GI-POF optical
networks, applying Wavelength Division Multiplexing (WDM) will be necessary.
Perfluorinated polymer based GI-POF has a low loss wavelength region from 500 to 1300
nm, so a broad wavelength range is available for the implementation of CWDM (Coarse
WDM as opposed to Dense WDM). In contrary to DWDM, CWDM can use low cost
technology to separate the wavelength channels. Our recent records reaching 5 and 7.5
Ghit/s WDM transmission results using perfluorinated polymer based GI-POF will be
reported.

I ntroduction

Silica based single mode optical fiber is widely utilized in the long distance trunk area for
giga bit per second transmission and beyond, because of its high bandwidth. On the
other hand, use of the silica based multimode fiber is a recent trend in the area of local
area networks (LANSs) and interconnection. This is because the large core diameter of
silica based multimode fiber of 50 and 62.5 microns relaxes the tolerance required for
connection compared with the single mode fiber whose core diameter is only 5 to 10
microns. However, even with the multimode silica fiber, an accurate alignment in the
connection is still required. The large core diameter (100-1000 microns) of Polymer
Optical Fiber, POF enables the use of inexpensive polymer connectors, which are
prepared by an injection molding process, because a displacement of £30 microns in the
connection does not seriously influence the coupling loss [1-2]. Furthermore, a large
core of more than 100 microns could reduce the modal noise, which disturbs systems
with multimode silica fibers [3]. Polymethyl methacrylate (PMMA) has been generally
used as the core material of commercially available step-index POF. Its attenuation limit
is approximately 100 dB/km in the visible region. Therefore, the high attenuation of POF
compared to the silica-based fiber has limited the POF data link length, even when the
bandwidth characteristics are improved by the Graded Index-POF, GI-POF [4-5]. On the
other hand, the perfluorinated (PF) amorphous polymer base GI-POF has a low loss
wavelength region from 500 to 1300 nm [6], see Fig.1. The experimental total
attenuation of the PF polymer based GI-POF decreases to 40 dB/km even in the near
infrared region. In this paper, record 2 and 3 times 2.5 Ghit/s Coarse Wavelength
Division Multiplexing transmission experiments using PF GI-POF will be reported.
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Fig. 1. Attenuation of GI-POF

Coar se Wavelength Division Multiplexing Experiments

Asindicated earlier Perfluorinated polymer based GI-POF has alow loss wavelength region
from 500 to 1300 nm, so a broad wavelength range is available for the implementation of
CWDM (Coarse WDM as opposed to Dense WDM). In contrary to DWDM, CWDM can
use low cost technology to separate the wavelength channels. We developed a 3 times 2.5
Ghit/s over 200 m GI-POF CWDM experiment using the wavelengths 645, 840 and 1310
nm and a 2 times 2.5 Gbit/s over 456 m GI-POF CWDM experiment using the
wavelengths 840 and 1310 nm with arecord bit rate times distance product. A block
diagram of the 2 times 2.5 Gbit/s experiment is shown in Fig. 2.
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Fig. 2: Block diagram of the 2 times 2.5 Ghit/s over 456 m PF GI-POF CWDM
transmission experiment.
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Because the fiber samples have an attenuation of more than 100 dB/m at 640 nm, this
wavelength could not be used. At the transmitter side for the 840 nm channel a Vertical
Cavity Surface Emitting Laser (VCSEL) with a modulated output power of 2.1 dBm has
been used and for the 1310 nm wavelength channel a Distributed FeedBack (DFB) laser
with amodulated output power of 3.0 dBm has been used. To compensate for the
insufficient bandwidth of the VCSEL, an electrical equalising circuit has been applied.

To multiplex both wavelength channels, a multimode glass fused fiber 850/1300 nm
WDM has been used. The step index pigtails of the 850/1300 nm multiplexer have a core
diameter of 50 micron and the losses of the multiplexer are 1.5 dB and 0.7 dB for
respectively the 840 and 1310 nm channel. The 456 m PF GI-POF consists of a piece of
328 m and a piece of 128 m. The total losses of the GI-POF are 24.2 dB and 25.9 dB for
respectively the 840 and 1310 nm wavelength. For splitting up the wavelength channels,
ademultiplexer has been realized with planar interference filters [ 7]. The demultiplexer
has been developed for the wavel engths 645, 840 and 1310 nm, so in this experiment the
645 nm output has not been used. In Fig. 3 the principle of operation of the demultiplexer
is shown.
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Fig. 3: Principle of operation of the 645, 840, 1310 nm demultiplexer.

First the light from the input GI-POF is transformed to a parallel beam by means of lens
1. Interferencefilter 1 deflectsthe light in the 645 nm wavelength region. The other
wavelengths are passed through. To decrease cross-talk an extrafilter 2 has been used
which is only transparent for the 645 nm wavelength region. Lens 2 focuses the light at
the photo diode of the 645 nm receiver. The light in the 840 and 1310 nm wavelength
regions, which passed through filter 1, is split up by filter 3. Light in the 840 nm
wavelength region is deflected by filter 3, filtered by filter 4 and focused on the detector
of the 840 nm receiver by lens 3. The remaining 1310 nm light is focused on the 1310
nm detector by lens 4. The measured insertion losses for al three wavelengths, from Gl-
POF input to photo detectors are smaller than 1.6 dB. Measured cross-talk levels are
smaller than -35 dB.

The detector in the 840 nm receiver is a Silicon Avalanche Photo Diode (APD) with a
large active area of 230 um in diameter. The sensitivity of the 2.5 Ghit/s 840 nm receiver is
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—29.0 dBm for a Bit Error Rate (BER) of 10°. A key element used in the 1310 nm reveiver
is an InGaAs APD with an active area of 80 um in diameter. The sensitivity of the 2.5
Ghit/s 1310 nm receiver is also —29.0 dBm for a BER of 10 [8]. The measured BER for
the 840 nm as well as the 1310 nm channel is smaller than 10!, All BER measurements
were carried out using a Non Return to Zero (NRZ) Pseudo Random Binary Sequence
(PRBS) with a pattern length of 2%-1.

Conclusions

Applying WDM can further enhance transmission capacity via POF. WDM also increases
the flexibility in POF networks. Perfluorinated polymer based GI-POF has a low loss
wavelength region from 500 to 1300 nm, so a broad wavelength range is available for the
implementation of CWDM (Coarse WDM as opposed to Dense WDM). In contrary to
DWDM, CWDM can use low cost technology to separate the wavelength channels. A
three times 2.5 Gbit/s over 200 m GI-POF and a two times 2.5 Gbit/s via 456 m GI-POF
CWDM experiment have been developed. The experimental results show the
applicability of Graded Index Polymer Optical Fiber for customer premises and local
area networks. We believe that the record results reported here are important milestones
that may encourage the development of polymer fiber systems and networks.
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