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1. Executive Summary 
 
The main goals of the FP7 EU project POF-PLUS were: 

• Target #1: Demonstration of real-time, real traffic Gigabit transmissions over standard Poly-
Methyl-Metha-Acrylate (PMMA) step-index plastic optical fibers (POF) 

• Target #2: To investigate multi-gigabit transmissions over step and graded-index POFs of 
length ≥50m in both serial (i.e. one fiber) and parallel (i.e. multiple fiber ribbon) way 

• Target #3: To investigate Radio-over-Fiber transmission, and in particular UWB over POF 
 
After three year of intense research and development activities all these goals have been reached. 
Several hardware prototypes on Target #1 are today (June 2011) available for public demonstration, 
and have a commercialization plan in the near future. Regarding Target #2 and #3, we believe we 
obtained more than what originally expected: while in the original plan these two targets were just 
meant as “proof-of-concept”, we actually developed a real hardware, real traffic prototype for Target 
#3, and we developed a full parallel optics hardware system for Target #2. 
  
Among all the solutions proposed in this project, careful optimization of the following key factors 
was of primary importance:  

• the optimization of the optoelectronics to maximize bandwidth, sensitivity and linearity  
• the constraint of very low-cost transceivers, and the development of easy-to-use and reliable 

optical POF ports and connectorization; 
• the selection of the most efficient advanced modulation formats such as multi-level pulse 

amplitude modulation (PAM-M) coupled with suitable equalization strategies, and multi-
carrier formats such as discrete multi-tone (DMT) and finally the selection of the appropriate 
POF types.  

 
POF-PLUS was anyway not only focused on technical research, but it was also active in spreading 
the perception of the possibilities of plastic optical fibers for high data rate. This dissemination goal 
was achieved by a very large participation to Conferences and public meetings, but also through 
direct contacts to interested partners outside the project. To this end, it should be mentioned that 
POF-PLUS was also active in standardization activities in ETSI, IEC and VDE.  
 
In the first part of this report, we present the most relevant technical results of the project using 1-
mm core diameter POFs, taking into consideration the main options and best solutions currently 
available. The best experimental results ranges from demonstration of real-time, real traffic Gigabit 
Ethernet over 50m of SI-POF to serial offline transmission of 10Gbit/s over 35 meters GI-POF and, 
last but not least, to a parallel optic prototype based on a four fiber POF ribbon.  
 
In the second part of the report, we describe the dissemination and standardization activities carried 
out inside POF-PLUS, and the plan for the use of the obtained results. 
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2. Introduction  

In the area of short-reach (tens of meters) optical transmission, recent attention has been focused on 
large-core Plastic (polymer) Optical Fibers (POF) based on Poly-Methyl-Metha-Acrylate due to 
several properties that allow them to be easily deployed. The main reasons for this focus includes: 

- The 1-mm core diameter, which allows “do-it-yourself” installation and termination without 
employing manual or expert technical skills. 

- The use of visible low-power and unfocused (i.e. divergent) light sources, which means that 
the end-user can install the system without eye-safety concerns. In addition, it is easy to 
troubleshoot faulty systems by simple visual inspection. 

- POFs can be deployed in rugged environments. Its robustness and tolerance to extreme 
bending can be useful for deployment in-home and data centers. 

- Due to the plastic/polymer being an insulator and immune to electro-magnetic interference, 
POF can be deployed in electrical power ducts, further bringing down the cost of deployment 
whilst adhering to national electrical safety standards. 

- Finally, apart from low cost issues, the use of low threshold current and high efficiency 
transceivers ensures that POF-based systems will make very low contributions to the power 
consumption in the home or data centers hence contributing to the ongoing efforts to 
minimize energy consumption. 

 

2.1. From Fiber-To-The-Home To Fiber-In-The-Home.  
 

Figure 1: In Home Network Architecture 
 
In the last decade, the last mile of the network toward the final user, defined as the access network, 
has been of primary importance as the last bottleneck in the network driven by the increase in the 
continuous growth of broadband connections.  These services have been provided using various 
wired technologies, namely digital subscriber lines (DSL), cable and recently with fiber to the home 
(FTTH) connections. Asynchronous DSL (ADSL) has been providing tens of megabits per second 
and in some countries, other xDSL technologies have been deployed to provide up to 100Mbit/s to 
the home. The optical fiber access network based on FTTH is seen as a potential for higher speed 
services to the home. With FTTH already deployed in countries such as South Korea and Japan, the 
impending wide spread commercial deployment of FTTH in Europe will mean the offering of very 
high performance connections to the front door of end-users. Following the set of requirements 
established by a group of leading Telecom operators (France Télécom, Deutsch Telecom, British 
Telecom, American Telephone and Telegraph, Nippon Telegraph and Telephone and Korean 
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Telecom), the Optical Access Network community is currently working towards standardizing 
Passive Optical Network equipment capable of delivering up to 1 Gbps per user [1], to be 
standardized in ITU by 2015 in the so-called NG-PON2 initiative. 
Hence, with the high bandwidth and high quality of service connections directed towards the end 
user, the real bottleneck is shifted to the short-reach access network inside the premises. Currently, 
the amount of data generated and distributed within the premises is about to exceed of the access 
network. This is due to the plethora of interconnected devices sharing large files and streaming high-
definition video content and other types of data. With the increasing level of real-time data, the 
quality of service, quality of experience and reliability becomes of utmost importance to the end-
user. In order to address these concerns, the medium deployed must provide large bandwidth, low 
latency with low packet error rates[2].  
First, the type of premises, whether inter-building, in-building or in-home connection, will determine 
the type of medium and transmission required. It has been shown that fiber-in-the-home (indicated 
with the new acronym FITH) would be required to address broadband high-speed connectivity. Due 
to the scale of inter-building and in-building deployments such as for apartment blocks, it is 
envisaged that service providers using silica single or multi-mode fibers for the access networks, will 
also take care of the installation inside the premises, which means for instance inside the apartment 
for residential users. Hence during the POF-PLUS project, we considered smaller scale FITH 
networks, better known as in-home networks. In this type of networks, the cost of the infrastructure 
is not shared with other users or the service provider. Hence, ease of installation through the ability 
to “do-it-yourself” and availability of low-cost components is required to ensure wide scale adoption 
of the in-home optical network technology.  
Currently, there are a number of available in-home technologies including wireless and wired 
solutions such as 802.11 standard wireless fidelity (WiFi), powerline communications (PLC), LAN 
coaxial and CAT cables. Emerging WiFi standards such as IEEE 802.11n can enable (in principle) 
up to 600Mbits/s using antennas supporting MIMO spatial multiplexing, this has led to cheap 
wireless networks effortlessly being deployed in the home. However, wireless impairments and 
unguaranteed transmission rates means that WiFi communication is far from ideal for real-time HD 
video in-home applications for instance. For wireline services, CAT cables are still predominant for 
the in-home market although there is some deployment of PLC, however a combination of the recent 
spikes in commodity prices in metals including copper and the requirement for increased immunity 
from electromagnetic interference, has lead to a shift of interest toward optical communications. For 
the in-home application, conventional silica based multi-mode (MMF) and perfluorinated plastic 
optical fiber (POF) are of interest due to the large available bandwidth (circa 13 GHz over the 
involved distance), but expert fiber installers and skilled technicians may be required at higher costs. 
Therefore, for in-home retrofitting and/or brownfield installations, “do-it-yourself” will help to 
achieve the low-costs required for in-home networks. POF based solutions have been demonstrated 
in the past and are being deployed in Asia and Europe by several companies.  
   

2.2. Optical interconnects in short-reach broadband connectivity applications  
In addition to the growing trend for large-bandwidth data transfers inside the home, the emergence of 
large data centers and high performance computing (HPC) systems for number crunching 
applications ranging from security image analysis, scientific research modeling to Internet search 
algorithms has led to the requirement for large-bandwidth data exchange in these centers. Such large-
scale HPC systems contain up to several thousands of computer nodes with spans of up to 50m. 
Typically, the very intensive level of processing required means that both bulk data transfer and short 
bursts of high intensity data transfer are required. Hence high bandwidth inter/intra rack 
communication between multiple processors allocated on the plug-in blades contained in the various 
racks is required. Electrical, copper-based interconnects have been predominant for several years and 
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have been improved to bit-rates in excess of 20Gbit/s [4]. At these rates, these serial links are 
susceptible to link loss, impedance mismatches and electromagnetic crosstalk with other links. In 
comparison, optical fibers as interconnects are not vulnerable to similar limitation but require 
additional electrical to optical conversion circuits. Nevertheless, the amount of data transfer required 
has meant that a shift from electrical domain data exchange to the optical domain is a must [3]. For 
example, in 1996, the Cray T3E supercomputer required 375Mbit/s for network signaling. By 2010, 
10Gbit/s Infiniband was used resulting in about 26% increase in transmission speed per year [5]. 
As these HPC machines migrate towards exascale computing, several challenges such as the great 
increase in the power consumption must be addressed. Focusing on the power requirements for the 
optical communication links alone, the current performance of 30-40mW/Gbps will have to be 
reduced to less than 1mW/Gbps [6]. By this trend, one can conclude that these increases will 
exacerbate the requirement for low-cost, low-power, high bandwidth interconnections. Note that the 
typical link distance in HPC systems is <30cm for intra-card connection, 30cm to 1m for card-to-
card (backplane) interconnections, and up to 10m for rack-to-rack communications. 
The requirements of HPC systems differ from that of an in-home network. Firstly, whilst the HPC 
link lengths range from 10cm up to tens of meters, in-home link lengths, on the other hand, must be 
comparable with PLC and CAT cables, which are about 50 meters in length. Secondly, the 
transmission in-home must utilize eye-safe transceivers. In HPC, higher power can be applied to the 
transmitter so that higher bit-rates comparable to Infiniband active cables can be achieved within the 
active POF cable. Extending the achievements of the previous POF-ALL project [7], >1Gbit/s over 
several distances ranging from several tens to 100 meters was demonstrated in the POF-PLUS 
project. Where higher transmission rates are required, up to 10Gbit/s was achieved using high power 
lasers. The development of these communication links/cables implies the following elements are 
required: 
• Suitable transmitter and receiver optoelectronic devices that can provide good linearity and 

maximum bandwidth to support a high spectral efficiency 
• Selection of the most suitable large-core fiber with sufficient bandwidth to support bit-rates upto 

10Gbit/s. 
• Use of available modulation schemes to support a high spectral efficiency 

2.3.  Overview of Available POF fibers 
During the previous POF-ALL project, step-index large core POFs (SI-POF) was used to 
demonstrate transmission of 100Mbit/s over realistic lengths leading to recommendations for 
standardization. The main intention during the POF-PLUS project was to extend these achievements 
over SI-POF due to good availability and the low price. As discussed later, we were able to 
demonstrate 1 Gbit/s reliable transmission over SI-POF. However, to demonstrate higher 
transmission rates and wireless over POF capabilities, new types of fibers introduced by Asahi Glass 
with high numerical aperture (N.A) and multi core POFs with higher tolerance to bending were 
required. The following subsections will summarize the different fibers utilized for various 
applications during the project. 

2.3.1. Single-core step-index plastic optical fibers. 
Standardized by the IEC in 2008, A4a.2 standard step-index POF (SI-POF) is today employed in 
transmission systems that operate at 100 Mbit/s. These systems are commercially available over 
lengths up to 80m meters, while the possibility to reach much more than 100 m was also 
demonstrated. Due to the large SI-POF numerical aperture (NA) of 0.5, the bandwidth×distance 
product of SI-POF is around 50MHz × 100 m. However, its ability to convey multiple Gbit/s for next 
generation systems over similar distances is limited.  Nevertheless, several advanced modulation 
techniques have been proposed recently with up to 1.62Gbit/s over 100m SI-POF transmission. To 
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improve the low-pass channel bandwidth and the bending properties of standard SI-POFs, the step-
index multi-core POF was recently introduced. 
 

2.3.2. Multi-core step-index plastic optical fibers. 
 

 
Figure 2: (a)19-core SI-MCPOF (b) 2.5mm bending radius 

 
One of the main issues when installing POF is that tolerance to bending is a must. Smaller bending 
radius can lead to severe attenuation due to the mode conversion in these fibers. To reduce bending 
losses, the numerical aperture can be increased. If this is done for a single core, power cannot be 
efficiently coupled to the fiber. Hence the step-index multi-core fibers (Asahi SMCK-1000P) 
essentially consist of many fibers of smaller numerical aperture that together support a bending 
radius of 2mm. Particularly, high-order mode groups are sensitive to bending losses. The smaller 
diameter of the individual cores in multi-core SI-POF shown in Figure 2 supports less mode groups 
and hence less sensitive to macro bending loss. By comparison, single-core POFs are more 
susceptible as a larger number of mode groups are present. In the POF-PLUS project, we mostly 
focused on a 19-core SI-POF fiber developed by Asahi, that has the following characteristics: 

• Numerical aperture NA=0.5 (i.e., very close to a standard A4a.2 fiber) 
• Each core has an approximate diameter of 200µm, surrounded by a 4-8µm thick fluorinated 

cladding polymer  
• The resulting attenuation is approximately 0.2dB/m at 667nm. 

2.3.3. Single-core graded-index plastic optical fibers. 
Another alternative is single-core graded-index POF (GI-POF) that is commercially available in two 
very different flavors: 

• 1-mm diameter, PMMA material and graded index profile (from Optimedia, usually indicated 
as OM-Giga) 

• Smaller diameter, perluorinated material for the core. 
 
In the POF-PLUS project we wanted to focus on large-core POF, and we rhus considered only the 
first option. More than 4 Gbit/s transmission rate has been reported over 50 m using OM-Giga fibers. 
Anyway, the graded-index profile requires a more complex manufacturing process. Besides the 
higher cost, the resulting attenuation of 0.3dB/m is slightly higher than for single and multi-core SI-
POFs. In the POF-PLUS project, we performed transmission experiments using both SI-MCPOF and 
GI-POF, the two solutions that seem more suitable for multi-gigabit transmission targets. Ultimately, 
the choice of plastic optical fiber technology is a tradeoff between the tolerance to bending and 
available channel bandwidth in order to maximize bandwidth×distance product for multi-gigabit 
applications. 
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2.4. The POF-PLUS project 
The EU STREP project POF-PLUS was started in May 2008 within the FP7 program, and ended in 
April 2011. Its main focus has been on the transmission of >1Gbit/s over several tens of meters of 
POF, considering potential applications ranging from short-reach multimedia device connections and 
in-home networks to optical interconnects in data-centers. The fundamental contributions of the 
project can be separated into four major areas: 

- Development and optimization of multi-Gbit/s optoelectronic transceivers to improve 
linearity, bandwidth and reliability.   

- Fully engineered real-time transmission of 1Gbit/s over 50 meters of standard IEC A4a.2 
POFs using LEDs. 

- Optimization of transmission techniques for Multi-Gbit/s over tens of meters of non-standard 
novel large-core POFs using multi-core and/or multi-fiber ribbons. 

- Reliable transmission of converged networking (radio-over-fiber systems) applications over 
large core POFs. 

The project has achieved significant results in all these major areas, trying to define a new generation 
of POF-based subsystems. Hence, the remainder of this report is focused on the technical goals and 
achievements obtained during the project. 
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3. Technical Goals And Achievements 

3.1.  Component Developments 
 
One of the principle objectives of the POF-PLUS project was to develop new components, modify 
fibre assemblies and optimise transmission techniques to enable high speed POF links. To this end, a 
specific POF-PLUS task identified in this section is the development of transmitters, receivers and 
extremely user-friendly POF connection interfaces to ensure low installation costs and a viable self-
install solution for cable solutions. 
This section summarizes the main results achieved in the following areas: 

• Resonant cavity LED (RC-LED),  
• Optoelectronic receivers 
• POF interfaces (connectors for POF): 

o  OptoLock for single POF interface 
o New connectors for POF ribbon connector  

 
RC-LED, VCSELs and receivers were developed and tested over the course of the project, the main 
aim being to maximize the bandwidth given the chosen modulation format whilst managing the 
linearity and power dissipation that influences the system cost and performance. Regarding the POF 
connectors/interfaces, the goal was usability and low cost. 

3.1.1. Resonant Cavity Light Emitting Diode (RC-LED) (FIRECOMMS) 
 
RC-LEDs have several advantages over VCSELs for future POF system implementations. Due to 
RC-LEDs ruggedness, they meet both commercial and industrial limits, higher reliability and a high 
degree of eye safety with the commercial advantage of lower manufacturing costs. Within the POF-
PLUS project, two (2QW) and four (4QW) quantum well devices were developed. The 2QW RC-
LED has almost twice the bandwidth of the 4QW. The aim within the project was to improve the 
most significant parameters for an optical transmitter, i.e. the bandwidth and the optical modulation 
amplitude. One of the best results of the project the development of an RC-LED with a suitable 
electronic driver that as a 20-80% rise time equal to 448ps and a 3dB bandwidth equal 780MHz, that 
allows to have an open eye diagram at 1Gbit/s, as it will be further described in a following section.  
  

3.1.2. Optoelectronic Receivers  
In the framework of the 1Gbit/s transmission experiments, several receivers were investigated. The 
following Table outlines and compares their main parameters.  
 

Table 1: Receiver comparison 
Receiver Manufacturer Photo diode 

Diameter 
optical 3 dB 
Bandwidth 

Sensitivity@ 
1 Gbit/s / 650 nm 

SPD-2 Graviton 400 µm 1200 MHz -19 dBm 
ARX-31125 A³PICs 300 µm 625 MHz -19 dBm 
Parallel optic 
solution 

POF-AC 350 µm 1000 MHz n.a. 

TIA Rx POF-AC 800 µm 700 MHz -15 dBm 
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Due to the higher bandwidth and linearity, the “laboratory grade” Graviton receiver SPD-2 was used 
especially for the characterization of laser diodes and, in general, as a benchmark to compare the 
other, much less expensive solutions. At the beginning of the project, different modulation schemes 
were tested using this device. We have compared the transmission over 50 m and 100 m SI-POF as 
well. A bit rate of 2.3 Gbit/s was transmitted over 100 m SI-POF with NRZ modulation and DFE 
detection as an example. 
The receivers from A³PICs (see figure below) are fully integrated and are mounted on the TO-56 
can, and are compatible with the very low cost requirements of POF systems. This approach allows a 
small receiver design and integration into an optical clamp. In fact, they have been integrated into the 
Optolock package. This device was used in the Gbit demonstrator, which shows the possibility of 
Gbit Ethernet Transmission over 50 m POF. 
 
 

 
Figure 3: A³PICs receiver ARX31125 (left) and Gbps Demonstrator (right) 

 
For the parallel optic solution, we developed a receiver based on 350 µm Photo diodes (the smaller 
area matches the use of the 500μm core POF selected for the ribbon). The integrated TIAs M02013 
from Mind Speed was used in this approach. The picture below shows the PCB with the four parallel 
receivers (the 550 µm pitch is identical to the fiber distance in the ribbon). On the right side you can 
see the eye diagram for the 1250 Mbit/s transmission over 5 m. The complete link can provide 1250 
Mbit/s over 25 m ribbon. 
 

 

Rx1 80 

40 

0 

-40 

-80 Time [ps] 

Amplitude [mV] Rx1 

 -800    -600    -400    -200   0  200  400     600      800     
Figure 4: PCB of receiver for the parallel optic (left) and eye diagram of 1250 Mbit/s 

transmission over 5 m 

3.1.3. POF Interfaces  
The first interface, widely used within the project’s technical demonstrations, is the plug-less 
interfaced developed by Firecomms and known as the OptoLock®. Although this interface was 
already available prior to the commencement of the project, it nevertheless proved to be an extremely 
robust and easy-to-use interface and was adopted as the de facto test interface for many of the 1mm 
SI-POF based experiments. In fact, the OptoLock package was adapted to host different 
optoelectronics developed or tested inside POF-PLUS, such as the previously described RC-LED, 
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lasers, photodiodes and transimpedance amplifiers. The suitability of the OptoLock interface for the 
applications envisaged by the project (consumer and industrial) was tested at length in the course of 
the project. 
Also developed within the project was the necessary parallel fiber ribbon interface. The development 
of a customized connector was focused on making the 1x4 ribbon easily usable. Hence the main 
target was: 
 

• To make the interface to be pluggable for TX and RX parallel optic boards made by other 
partners; 

• Easy-to-use concept, to enable faster laboratory tests and to be market proof; 
• Low-cost concept and ready for mass production. 

Hence, the main objective was to ensure that the necessary alignment between the ribbon cable and 
optoelectronic devices on the transceiver boards was optimal. This implied a deep analysis of the 
tolerances of all the items involved: the connector itself but also the ribbon dimensions, the 
electronic boards, the optoelectronic components position and their finishing process.  

3.2. Gigabit Per Second Prototypes 

3.2.1. Driver circuits  
One of the key results of the project was the demonstration of RC-LED modulation at 1 Gbit/s. 
Requiring careful optimization not only of the RC-LED itself, but also of its driver, several 
approaches were investigated. 
For driving an RCLED, two solutions to drive the device with a 50 Ohm system or using an 
operational amplifier (OPAMP) was devised. Both approaches will not be able to increase the 
inherent bandwidth of the RCLED and, moreover, especially the OPAMP circuitry usually shows 
nonlinear distortion due to clipping effects when operated with higher modulation amplitudes.  
In order to be able to drive the RCLEDs very fast and reach the Gbit/s rate, first;y, the bandwidth 
limitation has to be understood quite well. We found that this limitation stems mostly from the 
switch-off behavior, since the generated electron-holes pairs need quite a long time to recombine 
(while emitting light). Thus, the decay time is quite long after switching the RCLED off, leading to a 
low bandwidth. To overcome this problem, an active current driver had to be developed that is 
sweeping out the electron-holes pairs off the active region by a forced external current. This circuitry 
tries not only to switch the LED on as fast as possible, but also to switch it off very fast by applying a 
reverse current. To do so, controlled current sources utilizing high-frequency silicon germanium 
transistors are used. 
In the following figure, the basic idea is presented. Two controlled sources are used to drive current 
in the LED to switch it on fast and to sink it out for a faster switch off behavior as the typical 
recombination limited process (left figure). As discrete transistors have a relatively bad match from 
one device to another, one source is replaced by a constant current source (middle figure). This 
constant current source is realized by an inductor and a simple bias network, so only one single high-
speed transistor is necessary as a controlled current source (right figure). 
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Figure 5: Basic idea of an improved driving circuitry 
 
A circuitry has been developed around this idea and a prototype for laboratory use has been 
assembled. Different measurements and simulations have been performed to characterize the 
circuitry and finally a new design has been integrated with an OptoLock interface for the RC-LED. 
This allows a quick connection of the fiber and comes close to a later product implementation (see 
following photographs). 
 

  
Figure 6: (a): Driving circuitry for RC-LED. (b): Eye diagrams for new setup at 1.25 Gbit/s 

 
It can be observed, that the eye-opening at 1.25 Gbit/s is extremely good if you have in mind that the 
bandwidth of the RCLED alone is only about 80 MHz. The extinction ratio is 3 to 5 dB and the 
average optical power is about 800 µW.  
The overall performance of a Gigabit-Ethernet system using a RC-LED and the driver described is 
even better than for a system using a VCSEL due to stability of wavelength and output power 
especially at higher temperatures. 
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3.2.2. Real time 50 meter reach Gigabit Ethernet Prototype using RC-LED  
(ISMB) 

Using the previously described RC-LED driving approach, we developed inside POF-PLUS a full-
fledged POF media converter supporting Gigabit Ethernet traffic over 50 meters with 6dB of optical 
margin. The system is based on advanced digital signal processing techniques, which have been 
implemented on an FPGA prototyping board, and in particular: 

• for the transmitter side, we process the incoming Gigabit Ethernet GMMI stream, encoding 
the signal using a 65B/66B line code and Reed-Solomon FEC. the. The resulting PAM-2 
binary stream at approximately 1.1Gbps is directly applied to the RC-LED driver, that is able 
to generate an open eye diagram, as shown in the previous figure; 

• due to the SI-POF limited bandwidth, the received signal after 50 meters is severely distorted, 
besides being corrupted by noise. We used an adaptive and blind decision feedback electronic 
equalizer structure to recover the signal, then send it to the FEC and 65B/66B decoders; 

• proper framing, signaling and clock recover allow full external compatibility with Gigabit 
Ethernet. 

The full system, depicted in Figure 7, was tested at length in ISMB and Telecom Italia laboratories, 
under real traffic conditions and loading the Gigabit Ethernet link with video streams generated from 
two workstations. We performed a first set of measurements at the PHY level, estimating the bit 
error rate before and after FEC decoding as a function of the received optical power. In one direction, 
used for the measurements, we inserted an extra optical attenuator to evaluate the system margin. 
The received optical power after 50 meters of POF and without attenuation was equal to -9.5dBm, a 
condition in which the system was error-free (BER<10-12) even before FEC. The measurements 
results are given in Figure 8. After FEC, the system is error free for received optical power values 
above -16dBm. This power level is achieved introducing 6.5dB of extra attenuation, that is thus the 
available system margin. 
We repeated a similar measurement, but using an external router tester (Agilent N2X) in order to 
perform network layer measurements. The most relevant results are as follows: 
• the end-to-end latency on a link including two media converters is lower than 16μs, a very low 

value mostly determined by the FEC frames coding and decoding; 
• the achievable throughput of the link was larger than 99% when loading the system with 1500 

bytes long Ethernet frames; 
• the resulting packet loss as a function of the received optical power is given in Figure 9. It has 

been measured using the router tester at the Ethernet layer through FCS errors and IPv4 
checksum errors. This result confirms that the developed system is virtually error-free above -
16dBm received optical power. 

 

 
Figure 7: Experimental setup of the POF-PLUS full-fledged POF media converter 
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This is one of the key results of the project. For the first time to our best knowledge, we 
demonstrated a RC-LED based, SI-POF, 50 meters system that is running at Gigabit Ethernet with 
full compatibility. 
 

The developed system should also prove to be reliable in domotic installation, where frequent and 
sharp bends are very likely. Following indications given in ETSI recommendation “Plastic Optical 
Fibre System Specifications for 100Mbit/s and 1Gbit/s” (TS 105 175-1), we thus performed BER 
measurements as a function of the number of bends. Each bend was a 90° on a circular tool having a 
14mm radius. We demonstrated that our system is able to tolerate more than 20 bends before 
reaching the FEC threshold. We repeated the measurements placing the POF bending section either 
closer to the TX or closer to the RX, and we obtain very similar results, as shown in Figure 10. This 
demonstrates that optical propagation in the POF is performed mostly on “equilibrium mode 
distribution” (EMD) thanks to the RC-LED high-numerical aperture launch. We believe this bending 
measurement is a tangible proof of the ruggedness of the full system. 

 
All the test and BER measurements presented so far have been carried out under the assumption that 
the clock signal was perfectly known at the receiver side. This has been experimentally accomplished 
simply connecting both transmitter and receiver to the same clock source. A timing recovery circuit 
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Figure 8: BER measurement before and after FEC 
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Figure 10 (Left side) Experimental setup for testing bending performance. 

(Rigth side) BER vs. the number of bends (90°, 14mm radius) 



 15

is therefore the last essential component that has to be added to the PMD sub-layer to obtain a fully 
functional media converter. Unfortunately, its design is made critical by the characteristics of the 
POF systems, which are drastically dominated by a strong level of noise and distortion. In these 
circumstances, no classical approach can be adopted, and the timing recovery cannot be designed as 
a stand-alone block but must be jointly developed with the required equalizer and error control codes 
(ECC). We, thus, realized an iterative timing recovery solution, where the timing recovery exchanges 
information with the equalizer output, and has access to decisions much more reliable than the 
instantaneous ones. We verified that the timing recovery algorithm does not introduce penalties on 
the performances of our system. 

3.3. Multi Gigabit Per Second Prototypes 
 
In the following sections, some of the best Multi-gigabit per second transmission experiments 
developed inside the POF-PLUS project is summarized. It is noted that for these experiments non 
standard fibers were exploited due to the bandwidth that is higher than in the standard SI-POF fibers. 
Two main modulation formats, 2-PAM and DMT were employed. 

3.3.1. 5.8Gbit/s transmission over Single-Core GI-POF with 2-PAM + DFE 
approach (POFAC) 

Although with a significantly higher bandwidth than in SI-POF, the bandwidth available in GI-POF 
fiber is limited for the transmission of very high >1Gbit/s bit rates. Hence, a range of modulation 
formats has been studied. Bandwidth efficient modulation formats can enable higher bit-rates to be 
achieved over the target length of 50m.  
The experimental setup described in this subsection consists of 650 nm edge emitting laser with a 
high optical power of +6 dBm. Usually, this power level is considered too high for eye-safety 
reasons for those applications in which a standard POF port, such as the previously mentioned 
OptoLock package is used. Nevertheless, for POF-based active cables the eye safety would not be an 
issue, since the transmitter and receiver are factory-preassembled and enclosed. The use of lasers 
thus allows the higher power margin and hence signal-to-noise ratio (SNR) to be exploiting in 
improving transmission rates compared to the previously mentioned RC-LED based results. The 
laser diode was directly modulated with a pseudo-random bit sequence 2-PAM/OOK modulation 
employing a laboratory BER measurement system. After 50 m transmission, the POF-optimized 
receiver comprises of a silicon pin photodiode with an active diameter of 400 µm (responsivity of 
0.5A/W) is used with commercially available trans-impedance amplifier with trans-impedance gain 
of 10kΩ.  To achieve a higher coupling efficiency, a dielectric taper is used to guide the light to the 
diode’s active area. 

 

Figure 11: Evaluated eye diagram after 50m GI-POF 
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At the receiver side, after transmission over 50 m GI-POF, the received signal is recorded using a 
real-time oscilloscope and equalized in post-processing with a DFE adaptive algorithm implemented 
in Matlab. The DFE scheme used 25 forward and feedback taps. The measurement after 50 m single-
core GI-POF achieved 5.8 Gbit/s at a BER of 10-3, giving the eye diagram shown in the previous 
figure. The back-to-back measurements achieved only 6.5Gbit/s, which is due to the bandwidth 
limitation of the transceiver setup. 
 

3.3.2. Transmission over 50m Multi-Core SI-POF with DMT: 4.7Gbit/s 
transmission (TUE) 
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Figure 12 (a) :Experimental Setup (b): Normalized frequency response after 50m of SI-POF, GI-POF and SI-
MCPOF 
 
In another set of experiments, we focus on the use of a VCSEL transmitter and multi-core POF. 
Here, after the 50 m SI-MCPOF link, a low-cost ∅ 230 μm photosensitive area avalanche 
photodetector (APD) with a 3 dB bandwidth of approximately 1.3 GHz was used to detect the signal. 
The measured bandwidth after 50m of the SI-MCPOF system is shown in Figure 12b. For 
comparison, two other curves corresponding to conventional single-core SI-POF and single-core GI-
POF are also presented. Note that 19-core SI-MCPOF exhibits higher bandwidth than standard SI-
POF with a maximum available bandwidth at 3dB from DC to 350MHz. In Figure 12b, the three 
vertical gray lines indicate the bandwidth at 3dB from DC for the three different fibers. We observed 
that the bandwidth of SI-MCPOF is much larger than conventional single-core SI-POF, but narrower 
than the bandwidth of single-core GI-POF.  
By using the adaptive bit-loading algorithm, the limited bandwidth for SI-MCPOF is used effectively 
to maintain spectral efficiency.  Note that as the number of sub-carriers is increased, the response of 
the channel can be finely divided into more sub-channels. The result is that the sub-carriers 
experience better channel response improving performance. In this experiment, the use of 512 
subcarriers between 0 to 3 GHz was the optimal choice for best performance.  
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Figure 13 (a): Measured SNR per subcarrier to determine bit allocation. (b): Constellation Diagrams 
 
The algorithm measured SNR per subcarrier. As shown in Figure 13a(lower), the measured SNR is a 
continuous curve as a function of frequencies. Based on this response, the algorithm allocated the 
appropriate number of bits per subcarrier to obtain an optimum transmission rate. Largely caused by 
the limited system bandwidth, the received SNR values shown in Figure13a (upper) present a stair-
like curve truncated at 1.6GHz, corresponding to the 275th subcarrier. 
Moreover, we can see in the above figure, that some of the carriers are allocated with the upper limit 
of 4 bits of information (i.e. 16-QAM), while others are allocated less bits. The number of bits 
allocated matches the response of the system indicated in In Figure 12b for SI-MCPOF. After 50m, 
as Chow’s rate-adaptive bit-loading algorithm is employed, the 3 dB bandwidth of POF system is 
exploited as effectively as possible to deliver the best transmission results. 

3.3.3. Transmission over 50m Single-Core GI-POF with DMT approach: 
5.3Gbit/s transmission. (TUE) 

Employing the same experimental setup shown in Fig. 12a, low-cost VCSEL at 667nm with a 
bandwidth of 3 GHz was directly modulated by the output of the AWG running at a sampling rate of 
4.5 GHz. The bias current of the VCSEL was set to 4 mA, hence a peak-to-peak driving current of 
maximum 7 mA. Corresponding to the levels set for eye safety regulations, an optical power of 0 
dBm was launched into the POF link.  
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Figure 14. (a): Signal−to−noise ratio (SNR) measured before (up) and after (down) bit loading 
for DMT transmission over 50m PMMA GI−POF. (b): Bit (up) and Power (down) allocation 
for DMT transmission over 50m PMMA GI−POF using 256 subcarriers. 
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After signal transmission over 50 meters GI-POF link, the optical power received was -15 dBm, 
mainly attributed to attenuation in the POF (0.3dB/m at 667nm). A low-cost Silicon photodetector 
with a photosensitivity area of diameter 400 μm and a responsivity of 0.5A/W at red light region was 
used to receive the signals. In addition, it is equipped with a trans-impedance amplifier with a trans-
impedance gain of 10kΩ. The receiver is optimized for DMT with a bandwidth of more than 1.6 
GHz. 

 
 

Figure 15: (a)Highest and lowest constellations (respectively 32−QAM and 4−QAM) (b) Maximum 
achieved bit rate for different POF lengths using bit loading with target BER of 10-3 

The above figure shows the demodulated constellation diagrams and the achieved transmission rates 
at various transmission lengths. Note that 7.6Gbit/s is achieved at 10m, whilst at 50m GI-POF length 
5.3Gbit/s was achieved. These results are suitable for short-reach interconnects of 10-50meters and 
can be applied to the in-home network environment. 

3.3.4. 10Gbit/s transmission over 35m OM-Giga GI-POF with DMT (POFAC) 
The above experiments have demonstrated the feasibility of POF for in-home network applications. 
However, as discussed previously, shorter cables are required for computer network interconnects. 
Recent laboratory tests have revealed that when higher power transmitters are combined with shorter 
length POFs higher bit-rates can be achieved.  
 

 

 
  

  

 

  
Figure 16: (a) Setup Schematic (b): System frequency response (c): Measured SNR per 

subcarrier (d):  BER averaged within groups of subcarriers 
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Figure 16 shows results of experiments employing high-power directly modulated edge emitting 
lasers, GI-POF and large photosensitive area photodetector. The optical transmitter is a commercially 
available edge emitting red laser diode with a wavelength of 650 nm and an optical output power of 
+7 dBm, hence better SNR can be achieved when compared to eye-safe transmitters. The laser diode 
is operated in its linear region with a modulation index of approximately 0.9.  The photo-detector 
used in the previous sub-section is again employed in this work.  
For the DMT signal, 256 subcarriers distributed over a bandwidth of 2.5 GHz. The frequency 
response of the system after 35 m GI-POF link was measured and each subcarrier’s power and 
modulation format (from 2- to 256-QAM) is chosen accordingly. The DMT clipping level was 
optimized at 9.5 dB. As displayed in Figure d the power loading presents the recognizable saw-tooth 
shape with approximately 3 dB peak-to-peak deviations, which allows the support of approximately 
the same BER in each subcarrier. The bit loading per subcarrier is as shown in Figure 12d. 
As in the above subsection, the launching condition is such that all 19 cores are illuminated by the 
VCSEL power similar to single-core POF case. The low bending loss, large core area and ease of 
installation make the SI-MCPOF the preferred choice for multi-gigabit applications. Figure 12d 
shows the measured BER, averaged over the subcarriers with the same modulation level. The green 
line indicates the subcarriers indices over which the BER is calculated. The higher subcarrier indices 
(subcarrier frequencies) perform worse due to channel response. 
Note that the BER of the higher subcarriers (200th and higher) conforms to the same 1×10-3  bit-error 
rate which remains within the FEC limit for error free transmission. The average SNR of the 
demodulated signals reveals 28.4dB for 256 QAM and 9.8dB for 4-QAM allowing for the achieved 
transmission rate of 10Gbit/s. 
 

3.3.5. Multi-gigabit transmission over a Ribbon SI-POF (POFAC) 
 
One promising method for the implementation of 10 Gbit/s is the transmission over parallel fibers. 
The easy handling and the high flexibility of the POF enables very simple ribbon cables and 
connectors. In order to achieve as low bending losses as possible, a 4 fiber ribbon from Luceat from 
500 µm multi core POF (Figure 17). 
 

 
Figure 17: Ribbon cable with 4 multi core POF at 500 µm core diameter each 

 
Using the receivers, described in chapter 2.1.3 and arrays of 665 nm VCSEL (made by Firecomms) 
we realized a transmission of 4 × 2.5 Gbit/s over 25 m ribbon cable. The optical crosstalk on the 
cable is less than -50 dB, the electrical crosstalk penalty is less than 1 dB if all channels are actice. 
Figure 18 shows as an example an eye diagram for the transmission of 1.25 Gbit/s over 25 m of the 
ribbon (no equalizing applied). The transmission is error free in this case. 
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Figure 18: Ribbon transmission over 25 m at 1.25 Gbit/s 
 
In other experiments, we achieved a 10 Gbps overall data rate, by transmitting four parallel 2.5 Gbps 
streams over the ribbon. 
 

3.4. Converged Network Solution (TUE) 
To provide a simplified and upgradable in-home network, a common backbone infrastructure for 
wireless and wired services is envisaged. In addition, the increasing demand for multi services 
delivery in in-home networks means that a single shared wavelength POF approach supporting high 
capacity transmission is considered as the best practical solution. In this section, the experimental 
results are summarised. 
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Figure 19: Experimental setup and results: (a): Setup (b) Spectral response of POF link 
(c): Electrical Spectrum after 50m (inset: Demodulated Constellation) (d): Link performance (UWB and DMT) 

 
The main concept is to allocate the available POF bandwidth shown in Figure 19 (b) in two separate 
spectra, for DMT (DC to f1) and UWB (f1 to f2) as in Figure 19 (c). A WiMedia−compliant UWB 
transmitter is used to generate a real-time MB−OFDM signal centred at 3.96 GHz (TFC6: 
3.696 − 4.224 GHz). In order to fit within the limited bandwidth of the OmGiga GI-POF, firstly, 
spectral down-shift of the UWB signal from the RF to an intermediate frequency (IF) band 
(0.836 − 1.364 GHz) is required. 

0 0.2 0.4 0.6 0.8 1 1.2 1.41.5-60

-50

-40

-30

Frequency (GHz)

El
ec

tr
ic

al
 P

ow
er

 (d
B

m
)

UWBDMT



 21

The IF UWB and baseband signals are combined in the electrical domain. In order to maximize the 
data rate within the bandwidth, a DMT modulation format is employed for the baseband signal. The 
DMT signal is generated from the AWG with the sampling speed of 1.6 GSamples/s which in its turn 
modulates the VCSEL with the same operating condition as in the previous section. A 
photo−receiver based on a ∅230μm Si−APD is equipped with a 2−stage electrical amplifier. The 
performance of the DMT and UWB signals is evaluated separately. For DMT signal, off-line 
processing is applied, and for UWB signal real-time processing is done. We performed a study on the 
performance of DMT and MB−OFDM UWB signals using a signal analyzer considering several 
values for the electrical power of the two signals. For UWB, we evaluated the performance in terms 
of error vector magnitude (EVM). For DMT, we measured the maximum data rate achievable with 
BER<10−3. The graphs were obtained by fixing the input power of the UWB signal while varying the 
DMT modulating power. In Figure 15 (d) we show the performance of the two signals with UWB 
power fixed to −1 dBm and DMT power varying between −7.2 and +2.8 dBm. For values of the 
DMT power below 0.8 dBm, the UWB EVM performance is compliant with the standard EVM limit 
of 15.5%. Note that at 0.8 dBm, the maximum data rate of DMT starts to decrease. The 
recommended operating region is where the difference between the two curves is the largest, i.e. 
between −4 and 0 dBm. This optimum region corresponds to DMT data rates of 2.2 − 2.4 Gb/s and 
UWB EVM values below 13%, considerably lower than the 15.5% EVM limit specified by the 
WiMedia standards. These results demonstrate the feasibility of conveying multiple signals over 
large core POFs. 
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4. Standardization  
The output of the POF-PLUS project has enabled POF technologists to provide recommendations to 
international standardization organizations. The main aim is the introduction of advanced signal 
processing to enable operations of POF systems at least 1Gbit/s over high quality POFs. To achieve 
this target of standardization, the results from experimental and fully engineered systems were 
targeted at three main areas:  

• The definition of link parameters within the European Telecommunications Standards (ETSI) 
• The specification of POF parameters for data communications inside IEC 
• User guidance within the German electro technical standardization body, DKE.  

 

4.1. ETSI Standardization Activities: POF System Specifications for 100Mbit/s 
and 1Gbit/s 

The goal of this activity was to define specifications of plastic optical fiber systems for 100Mbit/s 
and 1 Gbit/s for vendor interoperability. The specifications were provided from operators’ point of 
view. Accordingly, the high-level official document “Plastic Optical Fibre System Specifications for 
100Mbit/s and 1Gbit/s” [ETSI TS 105 175-1 V1.1.1] focuses on the key criterion of performance, 
cable, installation and energy efficiency parameters. Due to the availability of PMMA POF media 
converter solutions at 100Mbit/s, the ETSI standard has specified the performance for the maximum 
physical layer full duplex data rate at 125Mbit/s. Based on fast Ethernet, the physical layer must be 
compatible with 100MbE customer premises equipment (CPE) according to IEEE 802.3 standards. 
Another key performance and installation related issue is that of the transmission distance and the 
number of bends.  
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Figure 20: Relation between transmission distance and number of bends. 

 
As PMMA POF exhibits high attenuation, the transmission distance is limited. In an installation, it is 
expected that the fiber will experience a number of bends. Figure 20 shows that in the worst case, the 
transmission distance achievable after 10 bends is >50meters. According to these results, the ETSI 
recommends that POF solutions based on RC-LED transmitters should support a 100Mbit/s over 
50meters even in the most severe installation scenarios. With regards to installation, several 
configurations are also outlined in the document regarding the use of existing infrastructure in the 
premises. Due to tolerance to electro-magnetic interference, POF cables can be deployed in electrical 
ducts and can tolerate stapling and gluing along floors.  
For the evolution to 1Gbit/s, the ETSI standard describes a maximum physical layer data rate of 
1.25Gbit/s (including FEC) and is rate adaptive depending on the link length and the installation 
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criteria (e.g. the number of bends). At a link distance of 50meters, 1.25Gbit/s is expected when there 
are no bends. For the worst-case scenario of 10 bends, 0.85Gbit/s is expected. In both cases, the 
standard specifies that the customer CPE operate at a range of 0 to +60C employing Class 1 
compliant transmitters such as RC-LEDs. Employing these low power transmitters ensures that the 
energy efficiency recommendations of the standard can be maintained. The maximum power 
consumption <0.4W in full operation per port is specified for 100Mbit/s transceivers and up to 3.5W 
for full operation of the 100Mbit/s media converter. For 1Gbit/s operation, <3.5W is specified for 
full operation per port of the 1GbE media converters. These recommendations are inline with 2011 
EU code of conduct for energy consumption. 
 

4.2. Specification of POF parameters for data communication: IEC 50793 A4a.2 
One of the relevant standardization bodies for the definition of the physical parameter of plastic 
optical fibers is the IEC (International Electro-technical Commission). In particular, POF are 
standardized in a dedicated section of the document IEC 60793-2-40 (on multimode optical fibers). 
In the older version of the IEC 60793-2-40 (pre-2008), the parameters of the standard step index POF 
were specified using large tolerance ranges, limiting the use of SI-POF to very low bit rate (below 
100 Mbit/s). The previous version of that standard defined 8 different classes of POF. The Standard 
POF, namely a 1mm core diameter step index PMMA POF, is described in the class A4a. Classes 
A4b to A4d further defines parameters for PMMA SI-POFs. The main difference between these 
classes is the loss in equilibrium mode distribution (EMD) and improved bandwidth×distance 
product. The range for the numerical aperture is between 0.35 and 0.65. If a POF with a NA of 0.65 
is coupled to a POF with NA = 0.35, the theoretical coupling loss is 5.4dB. Moreover, the maximum 
specified loss is 300dB/km under EMD conditions, which is much higher than most of the product 
performances. 
In 2007, it was proposed to split A4a class into two parts. The class A4a.1, describes general purpose 
POF for low level applications like small distance sensors and illumination. A4a.1 describes a fiber 
with attenuation at 650nm of 30 to 40dB/100m depending on the launching conditions,  a minimum 
modal bandwidth of 10MHz over 100m and a maximum macro-bending loss with 10 bends of 0.5dB.  
The goal of the POF-PLUS group was the re-definition of the SI-POF main parameters with more 
stringent tolerances, in order to ensure the Gigabit operation of all fibers and the full interoperability 
between different fiber manufacturers. This led to the definition of a new SI-POF under the acronym 
“sub-class A4a.2”. The new sub class A4a.2 covers all POF with data communication grade. In 
comparison to A4a.1, A4a.2 specification defines the attenuation to be ≤ 18dB/100m for all 
launching conditions. The minimum modal bandwidth at 650nm (N.A = 0.3) is specified as 40MHz 
over 100m. As of today (2011) some fiber producers already certify their SI-POF products according 
the new sub-class A4a.2. The first fibre specified as an A4a.2 POF was the HMKU-1000 from Asahi 
Chemical in 2010. 
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Figure 21: Loss of PMMA-POF in comparison to A4a.2 specification 

 
Shown in Figure 21 is the measurement of the spectral loss of a SI-POF and a MC-POF (both under 
EMD conditions with cut back method). The GH-4000 is the communication grade SI-POF from 
Mitsubishi. The HMCKU-1000 is a multi core POF from Asahi with 10 cores. The results indicate 
that the loss value of 180dB/km at 650nm is achieved for both fibers with some margin. 
 

4.3. DKE user guideline  
In September 2009, a new working group of the German Commission for Electrical, Electronic & 
Information Technologies of DIN and VDE  (DKE) was founded specifically on Gigabit POF 
system. The recent technical approaches from POF-PLUS partners participated in this activity. The 
main goal of this working group is the specification of an open optical interface for POF Gigabit 
transmission. Compared to the ETSI POF standardization effort, the aim of the DKE initiative is 
different, since it also includes the possibility of new technologies and components. Hence the 
working group WG 412.7.1 “Optical Data Transmission Over Plastic Optical Fiber (POF)” was 
formed. In the new working group 412-7-1 (www.dke.de/ak412-7-1), established by the German 
standardization organization DKE, a wide range of manufactures and research institutes are 
collaborating in POF-standardization. There are now 21 companies, 3 scientific organizations and 8 
Universities involved in this activity. The main areas of interest are the choice of the fiber, the 
modulation format and the optical transmitters. 
It is the objective of the team to design a robust transmission system with the simplest way of 
installation, for the speed of 1 Gbit/s and a range up to 50 m. This range is sufficient for apartments 
and most of the multi dwelling units. From results obtained during the POF-PLUS project, a 
significant improvement in the capacity of the standard SI-POF contributed to DKE group members 
voting to ratify A4a.2 POF as the standard medium for future Gigabit home links. 
 
Regarding the choice of the best transmitters, edge emitting laser diodes, as proven by several 
experiments, surely gives the higher capacity in transmission experiments. Nevertheless, the 
Firecomms RC-LED offers higher reliability and less complexity for the driver (constant current 
operation possible). For the first time, the POF-Plus project demonstrated the transmission of 1 
Gbit/s over 50 m SI-POF with red RC-LEDs. Starting from this result, the present proposal of the 
DKE standard draft enables the use of LED as the default option. 

Additionally, the choice of the modulation format should be considered when considering the 
transmitter performance parameters. In the proposal for the POF-PLUS project, NRZ was declared as 
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the best solution in the combination of low complexity and best sensitivity. The project has proven 
the performance of NRZ for Gbit/s transmission in combination with adaptive analogous and digital 
equalization for real time transmission experiments. 

Within the DKE working group, the Spanish company KD-POF presented a proposal with multi-
level (PAM) modulation. In Figure, a sensitivity calculation of different receiver/modulation concepts 
is shown. The x-axis gives the required sampling frequency for 1.1 Gbit/s (Gigabit Ethernet + FEC 
overhead). A lower sampling frequency means a higher PAM level (one third for PAM8 as an 
example). 
 

 
Figure 22: Calculation of the sensitivity for different PAM levels (KD-POF 2010) 

 
 
As shown in Figure 22, the best sensitivity is obtained for PAM8 to PAM32, depending on the 
coding scheme. On first view, this seems to be in contradiction of the measurement results indicating 
NRZ modulation to have better performance. However, the simulations results shown in Figure 22 
uses a very special property of integrated optical receivers. Generally, a capacity limited optical 
receiver has a sensitivity that is inversely proportional to the required bandwidth. A reduction of the 
bandwidth by a factor of two allows the trans-impedance resistor to double by a factor of 2 as well. 
This produces twice the signal. The additional SNR for PAM4, compared with NRZ is 4.5 dB optical 
on the other hand side. This leads to a better performance of NRZ. For some specific cases, the trans-
impedance can be increased by a factor of 4 rather than a factor of 2 for half of the bandwidth. In this 
case, PAM can provide some advantages. Moreover, the bandwidth limitation of the transmitter and 
the POF itself produces a penalty (which is a few dB at 1 Gbit/s over 50 m). Higher-level PAM 
formats require less bandwidth and can reduce the penalty by this way. The disadvantage is that 
PAM suffers more from the transmitter non-linearity. KD-POF will continue with the preparation of 
a standard proposal. The first DKE standard draft is expected in mid 2011. 
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5. Use and dissemination of foreground 
 
Potential impact and main dissemination activities and exploitation of results 
 

Impact 
Plastic Optical Fiber (POF) is already widely deployed in several fields with connectivity speeds 
typically in the range of 10~100 Mb/s. Continued developments in networking equipment I/O speeds 
coupled with the need to guarantee higher Quality of Service and reliability has created new markets 
and require the adoption of higher speed links over POF. Members of the EU sponsored POF-PLUS 
program have researched and developed suitable methods of delivering Gigabit and multi-gigabit 
transmission techniques over POF for this purpose. The results obtained during the POF-PLUS 
project should impact several market segments, and also will produce social benefits. 
 

Market impact 
Home, Office and Enterprise Networks 
The home networking market is exploding on the back of IP based video content delivery. One only 
has to enter a consumer electronics store today to see almost every TV and related product (TV, 
Game, Set Top Box, Blue Ray, Media Server etc.) has Ethernet connectivity fitted as standard. In 
2010, over 210 million devices were shipped with Ethernet connectivity a growth rate of over 600% 
in 4 years. 
POF originally entered the home networking space when telecom operators such as Deutsche 
Telekom and Swisscom deployed POF as an Ethernet connection option between Home Gateway 
and Set Top Box when deploying IPTV services. Several other operators are active in trialing or 
deploying POF such as POF-PLUS partners France Telecom and Telecom Italia and AT&T amongst 
others.  
Several options exist for in-home connectivity however when it is required to guarantee QoS and 
reliable video transmission (for example in FTTH scenarios), operators and installers frequently 
resort to using a wired connection. Several reasons for using POF in home networking applications 
are given but the most popular are the ease of installation due to the use of connectorless termination 
options such as the OptoLock® (Fig.23) and the speed of installation as compared to Cat5e cables 
(Fig.24). 

 
 

Fig.23: Simplicity of cable termination 
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Fig. 24: Trial results from a leading European operator comparing the flexibility and speed of installation 
compared to Cat5e cables 

 
Today, the majority of end user equipment is deployed using the Fast Ethernet (125Mbps) protocol, 
however with the continued reduction in costs of Ethernet IC drivers it is expected that the market 
will transition to Gigabit Ethernet over the coming years. This will bring additional complexity to 
guaranteeing throughput and reliability in the increasingly difficult home environment where the 
noise floor (EMI) is continuously rising. POF is the ideal solution to overcome these issues. The 
release of Gigabit capable POF devices as those originated in the POF-PLUS project will be highly 
disruptive to the dominance of copper and is set transform the dynamics of this exploding market. 
Enterprise and office networking fields are also set to exploit the emergence of gigabit POF 
capabilities. Today the cost of deploying millions of kilometers of copper cabling is becoming a 
major headache due to the ever increasing price of the copper (Fig. 25). 
 

 
Fig. 25: Market price for copper on LME (U$/Tonne) 

 
Today China is the largest consumer of copper consuming almost 40% of global demand which has 
pushed prices of the commodity metal to increase over 300% in less than three years. China’s 
insatiable demand for internet connectivity in the booming construction sector has driven developers 
to increasingly source POF as the cabling choice in several developments.  
The choice of POF as the optical alternative of Ethernet cabling is set to grow exponentially for these 
key reasons: cost of copper, ease of installation and content integrity, and deployments are growing 
rapidly in the home, office and hospitality sectors. 
 
Automotive Networks 
POF has become the dominant information and entertainment bus system used in the European 
automotive industry. This is primarily due to the progress of a system developed in the late 1990’s 
called Media Oriented Systems Transport (MOST®) network. Pioneered by the German automotive 
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industry and now deployed in over 105 car models across Europe and Asia, it has become the de 
facto standard in the industry.  
Because of its durability light weight and immunity to the harsh environment present in the 
automobile, POF has seen enormous growth in the industry. Today, it is estimated over 10 Million 
POF nodes are shipped annually and growth in double digit percentages is expected in the coming 
years. Today the technology has seen enormous bandwidth improvements with the release of 
MOST150 which is a 300Mb bus delivering net throughput of 150Mbps throughout the vehicle. 
 

 
 

Fig. 26: MOST® Infotainment Bus over POF (Copyright TE Connectivity) 
 
With the development of rear view and forward looking cameras requiring 1Gbps connectivity it is 
expected that Gigabit POF solutions will launch into the market in the 2012 timeframe. The 
development of Gigabit capable automotive grade POF systems will be hugely welcomed by the 
automotive industry as traditionally these signals have been carried by Shielded Twisted Pair cables 
which are proving prohibitively expensive and difficult to install. 
 
Industrial Networks 
Long the mainstay of the POF industry, industrial networks have been using Plastic Optical Fiber for 
many years. A wide array of applications use Plastic Optical Fiber in machine control, sensing, 
networking and isolation using both proprietary and standards based protocols. In networked 
applications most industries use standard-based protocols such as SERCOS, PROFIBUS or 
INTERBUS. These generally operate in the lower end speeds up to a maximum of 25~30Mb/s. As 
with all other networking protocols, the industrial networking community has also switched to IP-
based networking with Fast Ethernet emerging as the most popular.  
The most significant development in this market has been the decision by the association of German 
car manufacturers (AIDA) to utilize of the newer industrial Ethernet networking standards called 
PROFINET over Plastic Optical Fiber in their production plants. Such is the size of this industry it 
has the potential to influence the adoption of this technology combination across a wide range of 
industries thus creating a long term roadmap for Ethernet-based networking standards across the 
industrial spectrum. Although it can be imagined that Fast Ethernet requirements is the fastest data 
rates required in this industry, applications such as Robotic controls and real-time automatic vision 
systems will need gigabit capable solutions over POF creating needs for industrial grade gigabit 
capable POF solutions. 
 
Conclusion on market Impact 
The market needs for POF are distinct and growing in terms of its usefulness and breadth of 
application. The need for solutions that bridge the gaps between the cost benefits of copper and the 
performance benefits of fiber is clearly filled by POF. As each of the above discussed markets 
continues to evolve it is clear there exists an appreciable need for higher speed systems such as those 
developed through the POF-PLUS program. 
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We can then summarize that POF-PLUS will benefit Europe in the following terms: 
• Boosting the FTTH development and thus the telecom industry; 
• Maintaining and increasing the leadership of our automotive industry; 
• Reducing copper demand; 
• Enabling enhanced business environments. 

 

Social impact 
The result of the POF-PLUS project will help enabling a real “broadband society”, meaning vastly 
deployed connectivity to residential users at speed from 100Mbps to 1Gbps. This has vast 
implications in everyday living, and some examples are reported here in the following. 
 
Telework and improved e-shopping experience 
Today, telecommuting and teleworking is inhibited by the prohibitive cost of high-speed broadband 
connections for both workers and companies. In fact, high data rates are required to ensure a 
permanent two-way real-time video connection and high speed data streaming between the worker’s 
terminals and the servers located within companies’ premises. No telework is viable if uploading a 
5Mbyte PowerPoint presentation requires more than a couple of seconds. Yet telework would be 
enormously beneficial to EU’s economy: if only 1% of the active workforce became teleworkers, 
there would be some 1.8 million less commuters (source: ec.europa.eu, ‘Employment analysis’, 
Statistical annex) and a daily reduction of 3,500 tons of CO2 emissions – not to mention the side 
benefits of reduced traffic, diminished overall pollution and improved quality of life (cf. the Strategic 
Research Agendas of the ERTRAC European Technology Platform27 and the eSafety Forum28). 
The very same considerations can be transferred to e-shopping: even the most daring e-shoppers 
seldom buy high-quality clothes on e-commerce web sites today, because they can’t ‘experience’ 
them as they would in real life – partly because of the limited visual experience; what if broadband 
connections will enable high-definition 3D views and new e-shopping experiences? 
 
Remote health care and telemedicine 
Especially useful to the elderly and disabled, it would enable remote monitoring of health conditions 
and provide diagnostics and remote medical assistance. 
 
Popularised video conferencing  
Video conferencing is a great tool to improve competitiveness of European businesses, by fostering 
relationships and reducing travel costs and associated diseconomies and environmental impact. 
While services such as Skype already offer this possibility, daily users know how poor video quality 
is even on the fastest xDSL connection. For a life-like experience, video streaming requires at least 
5Mbps bidirectionally with controlled QoS. Even more extreme performances are being envisioned 
in Japan, where the Face-To-Face communications concept is gaining interest again: however, in this 
case, it refers to video-conferencing with such high resolutions able to create a face-to-face look-a-
like. 
 
Distance education and R&D  
Students could attend lessons in universities worldwide and experience live interaction with their 
teachers; researchers could explore digital libraries and retrieve contents from major European 
universities; research departments of smaller universities could afford calculations requiring grid 
computing. The common denominator of these activities is the need for a very high-speed real-time 
connection with controlled QoS. While new protocols and network management tools greatly 
improved over the last years, the major cost of bandwidth still lies with the physical infrastructure.  
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Conclusion on social impact 
The results and the activities of POF-PLUS largely relate to the technological roadblocks and 
socioeconomic scenarios identified in the Strategic Research Agendas of the eMobility, NESSI, 
NEM and ISI European Technology Platforms. Their common vision demands a shift from the 
current concept of anywhere, anytime to a new paradigm of any network, any device, with relevant 
multimedia content delivered in a secure and trustworthy manner: a major challenge that requires a 
complex future architecture consisting of a multitude of network types delivering a multitude of 
services. Building the elements for such networks, such as the ones developed in POF-PLUS, will 
then help improving quality of life (time saving, increased number of services, CO2 emissions 
reduction, etc.) and democracy (information availability, remote education, etc.). 
 

Dissemination activities 
 
The dissemination activities have followed different operating roads: 

• Scientific papers and press releases 
• Participation at conferences and fairs 
• Internet dissemination 
• Participation in standardization bodies 

 
Scientific papers and press releases 
The total scientific publication of POF-PLUS consists of 49 papers for conferences (ECOC, 
OFC/NFOEC, AVFOP, Fotonica, POF Conference, IEEE and OSA topical meetings, etc.) and 10 
papers at peer reviewed journals (IEEE Journal of Lightwave Technology, IEEE Photonic 
Technology Letters, IEEE Optics Letters, IEEE Electronic Letters, IEEE Photonic Journal). 
Moreover, a number of press releases that merge the technical and scientific aspects to market 
considerations and commercial advices has been prepared by the industrial partners Firecomms and 
Luceat and the Operators Telecom Italia and France Telecom. 
As a last result in the POF-PLUS dissemination, a book titled “POF-Handbook” has been published 
reporting the project best results. 
 
Participation at conferences and fairs 
Besides participating at conferences where scientific papers have been presented, as explained 
before, the POF-PLUS partners have also showcased their results and prototypes at the associated 
exhibitions and in fairs. In particular, the first POF-PLUS appearance was at the exhibition of ECOC 
2008 in Brussels, thanks to partner Luceat. Then, the participation continued at ECOC 2009 in Wien 
and OFC 2011 in Los Angeles; in this last event, POF-PLUS was appearing in two different booths: 
the POF thematic area and its proper POF-PLUS booth. In addition to the technical trade shows and 
conferences highlighted, partners participated at several consumer electronic home networking 
shows such as IBC, IPTV World Forum and Broadband World Forum amongst others. 
 
Internet dissemination 
One of the main internet dissemination media was obviously the www.ict-pof-plus.eu website, on 
which exhaustive description of the project objectives and organization were present. Moreover, 
press releases and presentations held at conferences were constantly uploaded as public documents. 
Nearly 2500 unique visitors have visited it. It’s worth mentioning that the POF-PLUS site appears in 
first place on all major web search engines when the keyword “POF-PLUS” is used; the very same 
keyword yields an impressive 10,900 results in Google alone, most of which directly related to recent 
press releases or publicly available technical articles. Of the 10,900 direct hits issued by the Google 
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search for “POF-PLUS”, only a few refers directly to the project web site: most are indeed links to 
other web sites, including the renowned www.semiconductor-today.com, ec.europa.eu, 
www.sciendaily.com, ieeexplore.ieee.org and myeos.org, which contain excerpts or references to the 
project. 
 
Participation in standardization bodies 
The POF-PLUS partners were strongly active in standardization bodies as well. In particular, actions 
taken inside ETSI have lead to the publication of the “Plastic Optical Fibre System Specifications for 
100Mbit/s and 1Gbit/s” recommendation, while participation at the IEC working group have lead to 
the improvement of the POF parameters in the IEC 60793-2-40 recommendation. Moreover, most of 
the partners of the project participated in the DKE working group, that prepared documents for 
starting a standardization process of an open optical interface for POF Gigabit transmission.   
 

Exploitation plan 
 
We believe that the results of the POF-PLUS project, in terms of exploitation plan, have to be 
considered from two different angles: from the components and devices side and from the telecom 
operators side. 
 

Components and systems producers 
Firecomms plans to commence sampling this year the first of an entirely new family of Gigabit 
Ethernet POF transceiver products called the GDL1000-T based on technology developed during the 
course of the POF_PLUS project. The first GDL1000 transceiver will be capable of delivering 
1.25Gbps Non-Return-to-Zero (NRZ) over 10m of SI-POF; future iterations of this product will 
increase the possible link length to 30m and 40m. Firecomms considers the development and 
commercialisation of the GDL1000 a key component in the Company’s growth strategy. 
The GDL1000-T is based on a high-speed resonant cavity light emitting diode (RCLED) and driver 
circuit developed by Firecomms in the second year of the POF-PLUS programme to deliver a 
1.25Gbps NRZ optical signal. These RCLEDs together with similar driver circuits produced by the 
Fraunhofer Institute were used in the Gigabit Ethernet ISMB demo. Following an intensive design 
cycle over the last 18 months the Firecomms driver circuit has now been implemented as a low-cost 
0.35µm CMOS IC. The final version of this new and unique driver IC has now been taped-out and 
IC samples are scheduled for initial testing in late July/August 2011. This driver IC in combination 
with the x3 quantum well RCLED design prototyped in year 2 of the project will be packaged in 
Firecomms’ standard transfer molded package and offered in Firecomms’ OptoLock transceiver 
interface. The GDL1000-T will have a 1000BaseX/SGMii compatible electrical interface that will 
allow it to communicate directly with Gigabit Ethernet PHYs making the implementation of the 
transceiver on a customer’s PCB a straightforward process. The first generation GDL1000-T is 
designed to operate from 0 to 70oC although it is anticipated that future versions of the transceiver 
will have an extended temperature range. First customer samples are expected to be available in 
Sept/Oct 2011 with fully qualified product available in Q1 2012. 
The first generation GDL1000-T with a maximum link length of 10m will initially target medical, 
industrial and low cost back-plane applications where a number of lead customers have already been 
identified.  
Future generations of the GDL1000 product will require further R&D investment into the 
development of a receiver IC that will implement equalisation functionality such as that developed 
and demonstrated within POF-PLUS by the Franhofer Institute and ISMB. Depending upon the level 
of design sophistication implemented in the Rx IC it will be possible to extend the link length to 40 
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m over a temperature range of 0°C to 70oC and over the product life-time. Such a product offering 
will be able to target home networking applications.  
In addition to the development of a more sophisticated Rx IC it is also expected that further 
developments will be sought in the package design of the transceiver components with the principle 
aim of increasing the operating temperature of the transceivers to 85oC and enabling the component 
to be solder re-flow compatible. These features would be necessary for the GDL1000 to be 
considered for automotive applications where the industry is already seeking optical based Gigabit 
solutions. This activity will build upon the initial design work undertaken in task OSA-3. 
 
For the semiconductor producers’ point of view, POF-PLUS partner Rosetta believes that the 
introduction of POF in access and home communication markets will be possible by showing a long 
roadmap and the ability to use the media in the next several years. Rosetta has conceived a plan for 
massive introduction of POF and position it as the next generation “CAT5” cable for Ethernet and 
other protocols. The target is to become a lead provider of semiconductor to the POF based 
communication applications in all ranges and across markets. The target markets are Enterprise data 
centres and home access as well as in home communication. 
The understanding of the capacity of POF as a media is critical for the success of any type of POF 
equipment, even in the lower range of throughput. POF-PLUS research and particularly the results in 
exposing the capability to reach up to 10Gigabit over a very small form factor cable are the key for 
this activity. Rosetta IP believes that exposing these results allows system companies and further 
more end users as the Telecom providers worldwide to consider POF as a valid alternative with long 
life. Standardization is also a key piece on the puzzle. The standardization activity launched within 
POF-PLUS has an immense value when marketing the media. 
Several applications are not contained within a single provider, for instance in the data centre, one 
end of the cable is handled by the server and the other by the switch. These are two different type of 
system companies which need to agree on a single protocol. 
During last year, Rosetta IP launched a new venture called Acrylicom (Acrylic Communication), a 
company dedicated to implement the roadmap of POF in the various markets. The company will 
design and implement Physical layers dedicated for POF. The idea is to create an icon in the industry 
totally identified with POF and to become a market leader in this industry. 
Looking back in the history, several communication companies had become market leaders by 
identifying their selves with a specific application. For example, Marvell, no doubt the fastest 
growing company in the Ethernet area, shifted from disk data retrievers to Ethernet Gigabit PHY and 
come up with the best solution in the market. Marvell is today identified with Networking thank to 
that step. The next critical step is the implementation of  Gigabit and Multigigabit solution, reaching 
10G transceivers over POF  This is a difficult task and needs to be started when the market is ready 
to embrace POF as the media of choice for home communication, home access and Enterprise 
communication. Acrylicom sees the geographical locations without infrastructure as first target for 
these implementations, and thus has been active in China in the last 6 months to evangelize POF use 
as the  cable of choice for building installation. High end Enterprise market is already in 40G and 
100G in terms of backhaul communication. It certainly means that in 2-3 years 40G and 100G will 
become a need in the front end communication. This is the perfect time to launch a research on how 
to implement 100G over POF. Now that POF is considered in the Telecom and datacom industries, 
cable and optical companies are coming up with faster devices and lower attenuation. It enables to 
vision a 100G transceiver over POF. Our next challenge as a group is to launch that research and stay 
on top of the market needs. The implementation of such a transceiver will be required in 4 to 5 years. 

Telecom Operators- Orange Labs view 
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The first studies on POF carried out within Orange Labs started in 2005 with the study of the then 
available Fast Ethernet POF media converters. POF, at the time, was considered as unsuitable for 
commercial deployment at our customer premises because the need for a reliable Fast Ethernet link 
was not predominant (connectivity such as WiFi and even PLC were more than enough to satisfy the 
customer needs) but also because there was too much uncertainty regarding the ability of POF to 
meet future requirements and especially to transport Gigabit Ethernet (GbE) traffic. Indeed, installing 
a new cable in someone's home would only be sensible if it was proven that this cable had indeed a 
life span of several tens of years (in terms of material stability of course but also in terms of evolving 
service requirements).   
As a result, we started, around 2007, with the help of Firecomms to study the possibility of 
transporting GbE over POF and we believed that this could be achieved by using advanced 
modulation format such as Discrete Multi Tone. This came at the same time as a realisation from our 
marketing branch that the expected data rates needed in residential homes (and especially for FTTH 
customers) would soon rise and connectivities such as WiFi or PLC would not be able to cope 
anymore with sufficient Quality of Service (QoS). There would consequently be a need for a cabled 
solution to offer reliable Fast Ethernet or even GbE that could be installed discreetly and easily by 
the customer himself (knowing that RJ45 cables did not fit those criteria).  
In 2007, France Telecom started to work actively on researching the capability of POF to provide 
GbE transport and in parallel we engaged ourselves in the POF-PLUS project proposal. In mid-2008, 
two very important (POF related) events happened: 

1) The kick-off of the POF-PLUS project where we would study the best cost effective way to 
achieve GbE transport over POF and work closely with the industry and research leaders in 
that market segment.  

2) A demonstration to the President of France Telecom (M. Didier Lombard) and the whole of 
his closest advisors of Fast Ethernet over POF (commercially available products) plus a proof 
of concept for Gigabit per second transmission over POF using DMT was achieved.  

 
Based on this demonstration, but also based on the fact that other operators in Europe were focusing 
on POF (Swisscom for instance), it was decided to commercialise POF kits (two media converters 
plus a length of POF) as well as try to push equipment manufacturers to make GbE POF products. 
The target date for commercial availability would be 2012. 
The first POF kits were commercialised and distributed under the Orange Brand at the beginning of 
2010. They contained a couple of Fast Ethernet media converters, a 40m length POF fibre (PMMA 
SI-POF) plus the power supplies and several cables.  A copy of the web page where those kits could 
be ordered is shown below. Also a short movie advertising the use of POF can be seen at 
http://www.orange-innovation.tv/webtv/le-kit-fibre-optique/video-1265-fr. At the end of 2010, 
around 2500 kits have been installed at our customer premises (only FTTH customers were offered 
those kits). This represents around 10% of the overall FTTH connections. 
This first success regarding POF penetration is a direct consequence of the work done in POF-PLUS 
were Firecomms already provided to our marketing department some Gigabit Ethernet prototypes 
(250Mbps) demonstrating and proving that GbE was indeed commercially possible (it was not just a 
research topic) but, most importantly, that POF cable could cope in the future with the forecasted in-
home traffic evolution.  
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Evolution of the POF ecosystem within Orange 
Looking into the future, it is clear that POF will develop and continue its penetration into our 
customer's homes. As the data rate required within the home network will grow, we can forecast that 
more and more people will adopt POF. Starting from a 10% share of FTTH customer adoption we 
can forecast that 20% of FTTH customers may adopt POF within five years. In parallel, the FTTH 
network is forecasted to continue its deployment and Orange has pledged to lay an optical local loop 
(for FTTH) in 3600 town in France by 2015, representing 10M passed homes. By 2020, there shall 
be around 15M passed homes (representing 60% of the French population). A map of the 
deployment is shown below (in red, the most dense zones, in orange the medium dense zones). 
Another important point is the take-up rate i.e. the proportion of families which indeed subscribe to 
FTTH. This rate is today quite low but it is expected to rise and reach 30% by 2020. As a result, we 
can forecast that more than 1M families shall use POF to build their home networks by 2020.  
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In order to be able to provide the necessary products to follow this trend, our marketing department 
is actively looking at extending the functionality of the basic POF kit. 
- First of all, the POF solution shall migrate to GbE. This feature shall be implemented during 

2012. This migration will be carried out in two phases, 250Mbps first and then full rate GbE.  
- Following the introduction of GbE over POF, a switch function shall be introduced. The 

different ports of the switch shall be a mix of GbE and Fast Ethernet depending on the usage: 
the GbE port being used for aggregated traffic (to and from the residential gateway and 
between different concentration points) while the Fast Ethernet ports shall be used for local 
traffic (between the concentration points and the end-user equipments). 

- In parallel to this second point, some QoS management feature will be introduced (traffic 
prioritisation, bandwidth reservation). 

 
At this stage, the customer will be able to construct his own optical backbone GbE capable with high 
QoS. Modules incorporating WiFi interfaces will also be introduced (WiFi extenders) especially for 
WiFi 11n and in the longer term WiFi 11ad and 11ac. Also, the introduction of bend insensitive POF 
will be carried out.  
Another important market segment that is to be targeted is the one of SMEs. Indeed, Multimode fibre 
is already widely spread for Medium and large enterprises but does not really fit into the 
requirements for small enterprises. Once a GbE POF switch function with QoS management is 
realised, the enterprise market can be addressed, the key point being the added deployment speed 
provided by POF. On this matter, a specific demonstration will be carried out within Orange Labs 
France to SMEs directors on the 24th of June 2011. Other similar demonstration activities will be 
continuously held. It is important to stress that all these demonstration events and marketing roadmap 
are tightly linked to the results of the POF-PLUS project (especially the GbE developments). 
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POF-PLUS technological roadmaps 
 
We conclude this section on the exploitation plan with the POF-PLUS consortium vision on the 
technological roadmaps for high speed POF applications. The following two graphs reports what we 
believe is a timetable for the evolution of POF related technologies for the 1 Gbps and multi Gbps 
solutions. 
 
 

Roadmap for 1 Gbit Ethernet over POF

2012 2013 2014 2015

1 Gbit Ethernet, 
shorter distances

(15 meters)

1 Gbit Ethernet, 
long distances

(50 meters)

1 Gbit Ethernet, 
bidirectionally

over a single POF 
(50 meters)

1 Gbit Ethernet, 
longer distances

(100 meters)

Reliable and 
low-cost red

or green laser
 

 

Roadmap for 10 Gbit Ethernet over POF

2013 2014 2015 Longer term

10 Gbit Ethernet, 
10-15 meters for 

active cables

10x or 20x 
POF ribbons

10 Gbit Ethernet, 
40-50 meters for 

active cables

100 Gbit Ethernet, 
highly parallel 

solutions

Reliable and 
low-cost

green laser

New POF solutions
assembled into highly

parallel ribbons
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Section A (public) 
 

TEMPLATE A1: LIST OF SCIENTIFIC (PEER REVIEWED) PUBLICATIONS, STARTING WITH THE MOST IMPORTANT ONES 

NO. Title Main author 

Title of 
the 

periodical 
or the 
series 

Number, 
date or 

frequency 
Publisher 

Place 
of 

public
ation 

Year 
of 

public
ation 

Relevant 
pages 

Permanent identifiers3  
(if available) 

Is/Will open 
access4 

provided to 
this 

publication? 
1 Record high-speed short-

range transmission over 1 
mm core diameter POF 
employing DMT 
modulation 

H. Yang, J. Lee, C. M. 
Okonkwo, S. T. Abraha, 
H.P.A. van den Boom, 
F. Breyer, S. Randel, 
A.M.J. Koonen, E. 
Tandgiongga 

Optics 
Letters  

Vol. 35 n. 5 - 
March 2010 

OSA (Optical 
Society of 
America) 

 2010 pg.730-732 DOI 10.1364/OL.35.000730 YES 

2 High-speed 
communications over 
polymer optical fibers for 
in-building cabling and 
home networking 

A. Nespola, S. Abrate, 
R. Gaudino, C. Zerna, 
B. Offenbeck, N. Weber 

IEEE 
Photonics 
Journal  

Vol. 2 n. 3, 
June 2010 

IEEE (Institute 
of Electrical and 
Electronics 
Engineers) 

 2010 pp. 347 - 358 DOI 
10.1109/JPHOT.2010.2048202 

YES 

3 Optical frequency 
multiplication using fibre 
ring resonator 

Y. Shi, H. Yang, C.M. 
Okonkwo, A.M.J. 
Koonen, and E. 
Tangdiongga 

Electronics 
Letters 

vol. 46, no. 11, 
May 2010 

(IET Institution 
of Engineering 
and 
Technology) 

 2010 pp.781-783 DOI 10.1049/el.2010.0213 NO 

4 3x2N QAM constellation 
formats for DMT over 1-
mm Core Diameter Plastic 
Optical Fiber 

Visani, D.; Okonkwo, 
C.M.; Yan Shi;  Hejie 
Yang;  van den Boom, 
H.P.A.; Tartarini, G.;  
Tangdiongga, E.; 
Koonen, A.M.J.T. 

IEEE 
Photonics 
Technology 
Letters 

Vol. 23 no.12, 
June 2011 

IEEE (Institute 
of Electrical and 
Electronics 
Engineers) 

 2011 pp. 768 - 770 DOI 
10.1109/LPT.2011.2134082 

NO 

5 10.7-Gb/s Discrete 
Multitone Transmission 
Over 25-m Bend-
Insensitive Multicore 

S. Loquai, R. Kruglov, 
C.-A. Bunge, O. 
Ziemann, B. Schmauss, 
J. Vingradov 

IEEE Phot. 
Techn. 
Letters  

Vol. 22, No. 
21, 01.11.2010 

IEEE (Institute 
of Electrical and 
Electronics 
Engineers) 

 2010 pp. 1604-1606 DOI 
10.1109/LPT.2010.2074192 

NO 

                                                 
3 A permanent identifier should be a persistent link to the published version full text if open access or abstract if article is pay per view) or to the final manuscript accepted for publication (link to 
article in repository).  
4 Open Access is defined as free of charge access for anyone via Internet. Please answer "yes" if the open access to the publication is already established and also if the embargo period for open 
access is not yet over but you intend to establish open access afterwards. 
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Polymer Optical Fiber 
6 A new physical layer 

capable of record Gigabit 
Transmission over 1mm 
Step Index Polymer Optical 
Fiber 

A. Nespola, S. Straullu, 
P. Savio, D. Zeolla, J. 
Ramirez, S. Abrate, R. 
Gaudino 

IEEE 
Journal of 
Lightwave 
Technology  

Vol. 28 Issue 
20 October 
2010 

IEEE (Institute 
of Electrical and 
Electronics 
Engineers) 

 2010 pg. 2944-2950 DOI 
10.1109/JLT.2010.2072491 

NO 

7 A fully analytic model of 
large area silicon p-i-n 
photodiodes verified at 
short wavelengths 

S. Loquai, C.-A. Bunge, 
O. Ziemann, B. 
Schmauß, R. Kruglov 

IEEE 
Journal of 
Lightwave 
Technology  

Vol.28 Issue 
18, September 
2010 

IEEE (Institute 
of Electrical and 
Electronics 
Engineers) 

 2010 pg. 2646 – 2653 DOI 
10.1109/JLT.2010.2059372 

NO 

8 Beyond 1Gbit/s 
Transmission over 1mm 
Diameter Plastic Optical 
Fiber employing DMT for 
In-Home Communication 
Systems 

D. Visani, C.M. 
Okonkwo, S. Loquai, H. 
Yang, Y. Shi, H.P.A. 
van den Boom, T. 
Ditewig, G. Tartarini, B. 
Schmauss, S.C.J. Lee, 
A.M.J. Koonen, and E. 
Tangdiongga 

OSA/IEEE 
Journal of 
Lightwave 
Technology 

Vol. 29, n. 4, 
February 15, 
2011 

IEEE (Institute 
of Electrical and 
Electronics 
Engineers) 

 2011 pp. 622–628 DOI 
10.1109/JLT.2011.2108263 

NO 

9 Wired and wireless multi-
service transmission over 
1mm-core GI-POF for in-
home networks 

D. Visani, Y. Shi, 
C.M.Okonkwo, H. Yang, 
H.P.A. van den Boom, 
G. Tartarini, E. 
Tangdiongga and 
A.M.J. koonen 

Electronics 
Letters 

vol. 47, no.3, 
February 2011 

(IET Institution 
of Engineering 
and 
Technology) 

 2011 pp. 203 - 205 DOI 10.1049/el.2010.7273 NO 

10 Recent Results from the 
EU POF-PLUS Project: 
Multi-Gigabit Transmission 
over 1mm Core Diameter 
Plastic Optical Fibers 

C.M. Okonkwo, E. 
Tangdiongga, H. Yang, 
D. Visani, S. Loquai, R. 
Kruglov, B. 
Charbonnier, M. Ouzzif, 
I. Greiss, O. Ziemann, 
R. Gaudino, and A.M.J. 
Koonen 

OSA/IEEE 
Journal of 
Lightwave 
Technology 

Vol 29, n. 2, 15 
January 2011 

IEEE (Institute 
of Electrical and 
Electronics 
Engineers) 

 2011 pp 186–193 DOI 
10.1109/JLT.2010.2096199 

NO 

11 DFE versus MLSE 
electronic equalization for 
Gigabit/s SI-POF 
transmission systems 

D. Zeolla, A. Antonino, 
G. Bosco, R. Gaudino 

IEEE 
Photonics 
Technology 
Letters,  

Vol. 23 n. 8, 
April 15, 2011 

IEEE (Institute 
of Electrical and 
Electronics 
Engineers) 

 2011 pp. 510 - 512 DOI 
10.1109/LPT.2011.2113316 

NO 
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TEMPLATE A2: LIST OF DISSEMINATION ACTIVITIES 

NO. Type of activities5 Main leader Title  Date  Place  Type of 
audience6 

Size of 
audience 

Countries 
addressed 

1 Conference S. Loquai (POF/AC) POF Simulation 17-19 June 2008 Berlin, Germany SC, 
Industry 

150 Germany 

2 Presentation at 
Conference 

J. Lambkin (Firecomms), 
invited speaker 

In-Home Plastic Optical Fibre (POF) Networks; 
Redefining the X in FTHx at 10th International 
Conference on Transparent Optical 
Networks (ICTON) 

22-26 June 2008 Athens, Greece SC, 
Industry 

300 Europe 

3 Meeting J. Vinogradov; O. 
Ziemann (POF/AC) 

IFG 5.4.1 subcommittee meeting “Polymer 
Optical Fibers” 

29-30 June 2008 Krems, Austria SC, 
Industry 

100 Germany 

4 Meeting O. Ziemann (POF/AC) Meeting of the standardization group "FTTH 
Next Generation Access" of the VDE 

11 July 2008 Frankfurt, Germany SC, 
Industry 

30 Europe 

5 Conference B. Offenbeck, (FHG), O. 
Lednicky (POF/AC), John 
D. Lambkin (Firecomms), 
Angelantonio Gnazzo 
(TILAB) 

17th International POF conference 26-28 August 2008 Santa Clara, CA, 
USA 

SC, 
Industry 

150 World 

6 Meeting Talk given by R. Gaudino, 
(ISMB) 

EU FP7 Photonic Concertation Meeting September 2008 Barcelona, Spain SC 50 Europe 

7 Meeting O. Ziemann (POF/AC) Meeting of the standardization group "FTTH 
Next Generation Access" of the VDE 

17-18 September 
2008 

Berlin, Germany SC, 
Industry 

30 Europe 

8 Workshop R. Gaudino, (ISMB), co-
chaired the workshop, A. 
Nocivelli, (LUCEAT) 
(BONE booth), B. 
Offenbeck, (FHG), invited 
paper, J. Lambkin, 
(FIRECOMMS) 

POF-Workshop at ECOC 2008 (European 
Conference on Optical Communications) 

21-25 September 
2008 

Brussels, Belgium SC, 
Industry 

1500 World 

9 Conference O. Ziemann (POF/AC) VDE Conference, Broadband networks 30 September 2008 Berlin, Germany SC, 
Industry 

30 Europe 

                                                 
5  A drop down list allows choosing the dissemination activity: publications, conferences, workshops, web, press releases, flyers, articles published in the popular press, videos, media 
briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters, Other. 
6 A drop down list allows choosing the type of public: Scientific Community (higher education, Research), Industry, Civil Society, Policy makers, Medias ('multiple choices' is possible. 
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10 Conference J. Vinogradov, O. 
Ziemann (POF/AC) 

POF Simulation 
 

17 October 2008 Leipzig, Germany SC, 
Industry 

50 Germany 

11 Conference Angelantonio Gnazzo 
(TILAB) 

ETSI ATTM/AT2#8 4-6 November 2008 Sophia Antipolis, 
France 

SC, 
Industry 

50 Europe 

12 Exhibition Silvio Abrate; Antonino 
Nespola (ISMB) 

ICT EXHIBITION 2008   SC, 
Industry, 
Press 

1000 Europe 

13 Conference John D. Lambkin 
(Firecomms), J. 
Vinogradov (POF/AC), A. 
Nespola (ISMB), E. 
Tangdiongga (TU/E) 

Optical Fibre Conference (OFC) 22-26 March 2009 San Diego, USA SC, 
Industry 

2500 World 

14 Conference Angelantonio Gnazzo 
(TILAB) 

ETSI ATTM/AT2#10 22-23 April 2009 Sophia Antipolis, 
France 

SC, 
Industry 

50 Europe 

15 Meeting Ciaran Cahill (Firecomms) IPTV Forum, Meeting with Broadcomm for PHY 
interface discussions 

25-27 March 2009 London, GB SC, 
Industry 

100 Europe 

16 Project Brochure A. Nocivelli, LUCEAT POF-PLUS project presentation brochure Distributed at major 
relevant events 

 Everyone  World 

17 Press release Firecomms Firecomms secures Swisscom and Alps Electric 
Investment for Plastic Optical Fiber home 
networking technology, 
http://firecomms.com/PR-Swisscom.html 

  Everyone  World 

18 Press release Firecomms Firecomms to include Stmicroelectronic S IPTV 
SET-TOP Box reference design in 
demonstration of low cost optical home 
networking at IPTV World Forum, 
http://firecomms.com/PR-IPTV-Set-Top-
Box.html  

  Everyone  World 

19 Press release Firecomms Firecomms announces optolock ®  
comptatibility with broadcom’s highly-integrated 
BCM7405 IP SET-TOP Box SoC Solution, 
http://firecomms.com/PR-Broadcom-Set-Top-
Box.html  

  Everyone  World 

20 Press release Firecomms Firecomms joins Opastco to advocate to telcos 
the use of POF for IPTV and home networking, 
http://firecomms.com/PR-OPASTCO.html  

  Everyone  World 

21 Magazine Firecomms Firecomms joins Opastco to advocate to Telcos 
the use of POF for IPTW and home networking 
(Semiconductor Today, Vol 4, Issue 3, April/May 
2009) 

  SC, 
Industry 

 World 

22 ETSI Technical O. Bouffant, B. Plastic Optical Fibre System Specifications for   SC, 100 Europe 
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Specification Charbonnier, N. Evanno, 
A. Pizzinat, P. Guignard, 
A. Gnazzo, A. Bergaglio, 
K. Farrow, I. Hope  

100 Mbit/s and 1 Gbit/s (TS 105 174-5-1) Industry 

23 Conference Paper O. Ziemann, H. Poisel POF in Europe - new projects and 
developments at IFG 5.4.1 sub committee 
meeting, NOC 

30 June 2011 Krems, Austria SC, 
Industry 

300 Europe 

24 Conference Paper O. Ziemann Comparison of the Modulation Methods for POF 
Systems at IFG 5.4.1 sub committee meeting  

30 June 2011 Krems, Austria SC, 
Industry 

300 Europe 

25 Conference Paper B. Offenbeck, W. 
Tschekalinskij, N. Weber 

Eye Safety in POF-Systems-Current View and 
Future Approaches at POF 2008, 17th 
International Conference on Plastic Optical 
Fibers 

26-28 August 2008 Santa Clara, CA, 
USA 

SC, 
Industry 

150 World 

26 Conference Paper B. Charbonnier, P. 
Urvoas, M. Ouzzif, J. Le 
Masson, J. D. Lambkin 
and M. O'Gorman 

Gigabit Transmission over 50 m of Step-index 
Plastic Optical Fibre at POF 2008, 17th 
International Conference on Plastic Optical 
Fibers 

26-28 August 2008 Santa Clara, CA, 
USA 

SC, 
Industry 

150 World 

27 Conference Paper O. Ziemann, O. Lednicky, 
J. Vinogradov, R. 
Gaudino, H. Kragl , S. 
Randel, J. Lee, B. 
Offenbeck 

The Development of Gbps over SI-POF 
Systems in the POF-ALL Project at POF 2008, 
17th International Conference on Plastic 
Optical Fibers 

26-28 August 2008 Santa Clara, CA, 
USA 

SC, 
Industry 

150 World 

28 Conference Paper B. Offenbeck Gbit/s-Transmission over POF at POF-
Workshop at the ECOC 2008 

21 September 2008 Brussels, Belgium SC, 
Industry 

1500 World 

29 Conference Paper B. Charbonnier, P. 
Urvoas, M. Ouzzif, J. Le 
Masson 

Capacity optimisation for optical links using 
DMT modulation, an application to POF at 
ECOC 2008 

21 September 2008 Brussels, Belgium SC, 
Industry 

1500 World 

30 Conference Paper John D. Lambkin From car to home: Optical Entertainment 
Networks at ECOC 2008: Workshop “Short 
range optical networks” 

21 September 2008 Brussels, Belgium SC, 
Industry 

1500 World 

31 Conference Paper O. Ziemann, H. Poisel, H. 
Kragl 

Gbit/s-Übertragung auf Standard-Polymerfasern 
at VDE-Kongreß Breitbandversorgung in 
Deutschland - mehr Bandbreite für alle 

01-02 October 2008 Berlin, Germany SC, 
Industry 

30 Europe 

32 Conference Paper H. Yang, Y. Zheng, H.-D. 
Jung, E. Tangdiongga, 
H.P.A. van den Boom, 
and A.M.J. Koonen 

Simulation of Multi-Band OFDM UWB Radio 
Over Multimode Fibre Using Pre-distortion 
Technique at 13th annual symposium of 
IEEE/LEOS Benelux Chapter 

27-28 November 
2008 

Enschede, The 
Netherlands 

SC, 
Industry 

100 Netherlands 

33 Conference Paper R. Kruglov, S. Loquai, O. 
Ziemann, H. Poisel, J. 
Vinogradov, B. 
Schmauss, A. Zadorin, G. 

Simulation of the high speed data transmission 
POF system at Kölner Kabeltagung  

09.-10 December 
2008 

Köln, Germany SC, 
Industry 

150 Germany 
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Surkova 
34 Conference Paper O. Ziemann, R. Kruglov, 

J. Vinogradov, S. Loquai 
System design with 1 mm Polymer Optical 
Fibers“, workshop „Fibers for FTTX at OFC 
2009 

22-26 March 2009 San-Diego, USA SC, 
Industry 

2500 World 

35 Conference Paper John D. Lambkin Fibre to the Set-Top-Box: Current and Future 
Applications for Plastic Optical Fibre at OFC 
2009 

22-26 March 2009 San-Diego, USA SC, 
Industry 

2500 World 

36 Conference Paper J. D. Lambkin (speaker), 
M. O’Gorman 
(Firecomms), B. 
Charbonnier, P. Urvoas, 
M. Ouzzif, J. Le Masson 
(France Telecom), R. 
Gaudino 

EU-Project POF-PLUS: Gigabit Transmission 
over 50m of Step-Index Plastic Optical Fibre for 
Home Networking at OFC 2009 

22-26 March 2009 San-Diego, USA SC, 
Industry 

2500 World 

37 Conference Paper John D. Lambkin POF – Crossing the Chasm of Market Adoption 
at OFC 2009 

22-26 March 2009 San-Diego, USA SC, 
Industry 

2500 World 

38 Conference Paper O. Ziemann, J. 
Vinogradov, S. Loquai, R. 
Kruglov 

50 m SI-POF Übertragung von Gigabit-Ethernet: 
Modellierung der Leistungsbilanz mit realen 
Komponenten - erster Vorschlag für eine 
Standard-Schnittstelle at 27th meeting ITG-SC 
5.4.1 „Polymer Optical Fibers“ 

16-17 April 2009 Wernigerode, 
Germany 

SC, 
Industry 

150 World 

39 Conference Paper A. Gnazzo, A. Bergaglio & 
Al 

Plastic Optical Fibre system specifications for 
100/Mbit/s and 1 Gbit/s at POF 2009 

9-11 September 
2009 

Sidney, Australia SC, 
Industry 

150 World 

40 Conference Paper J. Sundermeyer, J. Tan, 
C.  Zerna 

Integrated Analogue Adaptive Equalizer for 
Gigabit Transmission over Standard Step Index 
Plastic Optical Fibre (SI-POF) at POF-
Workshop at the ECOC 2009 

21-24 September 
2009 

Wien, Austria SC, 
Industry 

1500 World 

41 Conference Paper H. Yang, E. Tangdiongga, 
S.C.J. Lee, S. Randel, 
H.P.A. van den Boom, 
and A.M.J. Koonen 

4 Gbit/s over 0m large core GI-POF using low-
cost VCSEL at 35th European Conference on 
Optical Communications ECOC2009  

21-24 September 
2009 

Wien, Austria SC, 
Industry 

1500 World 

42 Conference Paper H. Yang, E. Tangdiongga, 
S.C.J. Lee, S. Randel, 
H.P.A. van den Boom, 
and A.M.J. Koonen 

2 Gbit/s MB-OFDM UWB system over 50m GI-
POF at IEEE Topical Meeting on Microwave 
Photonics MWP 

14-16 October 2009 Valencia, Spain SC, 
Industry 

200 Europe 

43 Conference Paper S. Abrate, A. Nespola, R. 
Gaudino, C. Zerna 

Gigabit Home Networking with Large-Core 
Polymer Optical Fibers at ICT-MobileSummit 
2009 

 
10 - 12 June 2009 

Santander, Spain SC, 
Industry 

400 Europe 

44 Conference Paper S.Abrate, A. Nespola, R. 
Gaudino, A. Antonino 

Trasmissioni a 1 Gbps su fibra ottica plastica 
(POF) ad area larga at Fotonica 2009 

June 2009 Pisa, Italy SC, 
Industry 

300 Italy 

45 Conference Conrad Zerna Presentation of POF-PLUS results at 9-11 September Sydney, Australia SC, 150 World 
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(FRAUNHOFER), M. 
Bloos (POF/AC), A. 
Gnazzo (TILAB), S. 
Abrate (ISMB) 

international POF-Conference 2009 Industry 

46 Conference S. Abrate, R. Gaudino 
(ISMB) 

POF Symposium OFC/NFOEC 2010 19-27 March 2010 San Diego, USA SC, 
Industry 

2500 World 

47 Conference S. Straullu, R. Gaudino 
(ISMB) 

Conference FOTONICA 2009 27-29 May 2009 Pisa, Italy SC, 
Industry 

300 Italy 

48 Conference S. Abrate (ISMB) International Conference on Transparent Optical 
Networks 2009 

28 June -03 August 
2009 

San Miguel, Portugal SC, 
Industry 

400 Europe 

49 Conference A. Nespola (ISMB) IEEE Photonics Society Annual Meeting October 3-10 2009 Antalya, Turkey SC, 
Industry 

400 World 

50 Conference R. Gaudino (ISMB), A. 
Nocivelli (LUCEAT) 

35th European Conference on Optical 
Communication 

19-23 September 
2009 

Wien, Austria SC, 
Industry 

1500 World 

51 Conference S. Abrate (ISMB), A. 
Nocivelli (LUCEAT) 

AVFOP Conference 21-26 September 
2009 

San Antonio, Texas SC, 
Industry 

200 World 

52 Conference S. Abrate (ISMB) POF standardization event 15-17 February 2010 Nuremberg, 
Germany 

SC, 
Industry 

30 Europe 

53 Conference Shi Yan (TUE) IEEE Society Benelux Symposium 2009  2009 Brussels SC, 
Industry 

150 Benelux 

54 Conference S. Straullu (ISMB) Meetings Photonics Enabled Applications September 10-11 
2009 

Athens Greece SC, 
Industry 

200 Europe 

55 Contributions to ETSI 
ATTM/AT2 

TILAB Annex B “Proposal for plastic optical fibre within 
the home” 

ETSI TR 105 174-5-1 
V1.1.1 (2009-10) 

 SC, 
Industry 

 Europe 

56 Contributions to ETSI 
ATTM/AT2 

TILAB “Plastic Optical Fibre System Specifications for 
100 Mbit/s and 1 Gbit/s" 

ETSI TS 105 175-1 
V1.1.1 (2010-01) 

 SC, 
Industry 

 Europe 

57 White paper for ETSI TILAB White paper on POF standardization for home 
networks 

ETSI ATTM/AT2  SC, 
Industry 

 Europe 

58 Conference Paper C. Zerna, J. 
Sundermeyer, J. Tan, A. 
Fiederer, N. Verwaal 

Adaptive Integrating Equalizing Techniques for 
SI-POF Home Networking Links at 18th 
International Conference on Plastic Optical 
Fibres, Sydney POF 2009 

9-11 September 
2009 

Sidney, Australia SC, 
Industry 

150 World 

59 Conference Paper B. Offenbeck, C. Zerna, 
N. Weber, A. Nespola, R. 
Gaudino, J. Lambkin 

Results of Gigabit/s transmission using RC-
LEDs and new driving techniques at 18th 
International Conference on Plastic Optical 
Fibres, Sydney POF 2009 

9-11 September 
2009 

Sidney, Australia SC, 
Industry 

150 World 

60 Conference Paper J. Sundermeyer, J. Tan, 
C. Zerna 

Integrated Analogue Adaptive Equalizer for 
Gigabit Transmission over standard Step Index 
Plastic Optical Fibre (SI-POF) at 22nd Annual 
Lasers and Electro Optics Society Meeting 

4-8 October 2009 Belek-Antalya, 
Turkey 

SC, 
Industry 

300 World 

61 Conference Paper C. Zerna, J. Integrated PAM2 Decision Feedback Equalizer 19-23 September Turin, Italy SC, 1500 World 
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Sundermeyer, A. 
Fiederer, N. Verwaal, B. 
Offenbeck, N. Weber 

for Gigabit Ethernet over Standard SI-POF 
using red LED at 36th European Conference 
on Optical Communication ECOC 2010  

2010 Industry 

62 Conference Paper C. Zerna, J. 
Sundermeyer, A. 
Fiederer, N. Verwaal, B. 
Offenbeck, N. Weber 

PAM2 Mixed-Signal DFE for Gigabit Ethernet 
over Plastic Optical Fiber in 180nm CMOS at 
36th European Solid-State Circuits 
Conference ESSCIRC 2010 

13-17 September 
2010 

Sevilla, Spain SC, 
Industry 

200 Europe 

63 Conference Paper O. Ziemann, H. Poisel POF oder Kupfer bzw.: Das einzige Gigabit-
Kabel zur Selbstmontage at Anwenderkongreß 
Steckverbinder 

30 June 2009 Würzburg, Germany SC, 
Industry 

150 Germany 

64 Conference Paper R. Kruglov, O. Ziemann, 
S. Loquai, C.-A. Bunge, J. 
Vinogradov, B. Schmauß, 
H. Poisel 

Increasing of Channel Capacity of SI-POF 
Transmission System: SIMULINK® Based 
Simulation at POF’2009 

9-11 September 
2009 

Sidney, Australia SC, 
Industry 

150 World 

65 Conference Paper R. Kruglov, H. Poisel, S. 
Loquai, J. Vinogradov, O. 
Ziemann, A. Zadorin C.-A. 
Bunge 

POF Simulation Tool: Aspects of 
Telekommunication System Modelling in 
SIMULINK® at POF’2009 

9-11 September 
2009 

Sidney, Australia SC, 
Industry 

150 World 

66 Conference Paper O. Ziemann, J. 
Vinogradov, S. Loquai, R. 
Kruglov 

Gigabit Polymer Fiber Links for Homes and 
Buildings” at 35st European Conference on 
Optical Communications ECOC 2009 

19-23 September 
2009 

Wien, Austria SC, 
Industry 

1500 World 

67 Conference Paper O. Ziemann Breitband-Heimnetze mit Polymer-optischer 
Faser (POF) - Anforderungen, Installation 
und Gigabit at Energiespar-Forum 

25 November 2009 München, Germany SC, 
Industry 

300 Germany 

68 Conference Paper O. Ziemann, J.  
Vinogradov, S. Loquai, 
Peter Kröplin 

1 mm POF mit extrem kleinem Biegeradius für 
Gigabit - Heimnetze at Kölner Kabeltagung 

15-16 December 
2009 

Germany SC, 
Industry 

300 Germany 

69 Conference Paper S. Loquai, R. Kruglov, O. 
Ziemann, C.-A. Bunge 

POF Simulation Tool at POF-Day OFC’2010 21-25 March 2010 San Diego, USA SC, 
Industry 

2500 World 

70 Conference Paper O. Ziemann, J. 
Vinogradov, M. Luber 

Bend Insensitive Polymer Optical Fibers at 
POF-Day OFC’2010 

21-25 March 2010 San Diego, USA SC, 
Industry 

2500 World 

71 Conference Paper O. Ziemann, S. Loquai, J. 
Vinogradov, R. Kruglov 

10 Gbit/s transmission over step index POF at 
POF-Day OFC’2010 

21-25 March 2010 San Diego, USA SC, 
Industry 

2500 World 

72 Conference Paper R. Kruglov, S. Loquai, O. 
Ziemann, J. Vinogradov, 
C.-A. Bunge 

Channel Capacity of Step-Index Polymer 
Optical Fibers: Experiments and Simulation with 
Realistic Parameters at OFC2010, Poster 
JWA12 

21-25 March 2010 San Diego, USA SC, 
Industry 

2500 World 

73 Conference Paper S. Loquai, R. Kruglov, O. 
Ziemann, J. Vinogradov, 
C.-A. Bunge 

10 Gbit/s over 25 m Plastic Optical Fiber as a 
way for extremely low cost optical 
interconnection at OFC2010, OWA6 

21-25 March 2010 San Diego, USA SC, 
Industry 

2500 World 

74 Conference Paper Olaf Ziemann, Hans Status of Gigabit Home Networks with Polymer 21-24 June 2010 Karlsruhe, Germany SC, 300 Europe 
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Poisel Optical Fibers at ANIC Industry 
75 Conference Paper R. Kruglov, S. Loquai, C.-

A. Bunge, B. Schmauss, 
J. Vinogradov 

10 Gbit/s Transmission over 35 m 1 mm Core 
Diameter Graded-Index Polymer Optical Fiber 
at ECOC’2010 

19-23 September 
2010 

Turin, Italy SC, 
Industry 

1500 World 

76 Conference Paper O. Ziemann New Activities in POF Data Comminication at 
ECOC’2010 POF symposium 

19-23 September 
2010 

Turin, Italy SC, 
Industry 

1500 World 

77 Conference Paper A. Gnazzo, A. Bergaglio & 
al. 

Plastic Optical Fibre system specifications for 
100 Mbit/s and 1 Gbit/s at POF 2009 

9-11 September 
2009 

Sidney, Australia SC, 
Industry 

150 World 

78 Conference Paper Yang, H., Tangdiongga, 
E., Lee, S.C.J., Randel, 
S., Boom, H.P.A. van den, 
Koonen, A.M.J. 

4 Gbit/s over 50 m larger core GI-POF using 
low-cost VCSEL at 35st European Conference 
on Optical Communications ECOC 2009 

19-23 September 
2009 

Wien, Austria SC, 
Industry 

1500 World 

79 Conference Paper Yang, H., Tangdiongga, 
E., Lee, S.C.J., Randel, 
S., Boom, H.P.A. van den, 
Koonen, A.M.J. 

2 Gbit/s MB-OFDM UWB system over 50 m GI-
POF at IEEE International topical meeting on 
microwave photonics 

October 2009 Valencia, Spain SC, 
Industry 

200 Europe 

80 Conference Paper Shi, Y., Yang, H., 
Okonkwo, C.M., 
Tangdiongga, E. , 
Koonen, A.M.J. 

Performance evaluation of multi-band OFDM 
systems for short-haul optical communications 
at Annual Symposium of IEEE Photonics 
Benelux Chapter 2009 

 Benelux SC, 
Industry 

150 Benelux 

81 Conference Paper Yang, H., Tangdiongga, 
E., Lee, S.C.J., Okonkwo, 
C., Boom, H.P.A. van den, 
Randel, S., Koonen, 
A.M.J 

4.7 Gbit/s Transmission over 50m Long 1mm 
Diameter Multi-core Plastic Optical Fiber at 
OFC/NFOEC 2010 

19-27 March 2010 San Diego, USA SC, 
Industry 

2500 World 

82 Conference Paper Tangdiongga, E., Yang, 
H., Lee, S.C.J., Okonkwo, 
C.M., van den Boom, 
H.P.A., Randel, S., 
Koonen, A.M.J. 

Low-cost and High-capacity Short-range Optical 
Interconnects using Graded-Index Plastic 
Optical Fiber at OFC/NFOEC 2010 

19-27 March 2010 San Diego, USA SC, 
Industry 

2500 World 

83 Conference Paper S. Abrate, A. Nespola, R. 
Gaudino, A. Antonino 

Il progetto europeo POF-PLUS at Fotonica 
2009  

27-29 May 2009 Pisa, Italy SC, 
Industry 

 300 Italy 

84 Conference Paper S. Abrate, A. Nespola, R. 
Gaudino, A. Antonino 

Trasmissioni a 1Gbps su fibra ottica plastica 
(POF) ad area larga at Fotonica 2009  

27-29 May 2009 Pisa, Italy SC, 
Industry 

300 Italy 

85 Conference Paper Roberto Gaudino, Silvio 
Abrate, Conrad Zerna 

Gigabit home networking with large-core optical 
fibers at ICT Mobile Summit 2009  

10-12 June 2009 Santander, Spain SC, 
Industry 

400 Europe 

86 Conference Paper S. Abrate, R. Gaudino, A. 
Nocivelli 

Rationale for Polymer Optical Fibres in-building 
cabling at ICTON 2009 - International 
Conference on Trasparent Optical Networks 

28 June - 02 July 
2009 

Azores, Portugal SC, 
Industry 

500 Europe 

87 Conference Paper S. Abrate, R. Gaudino, A. 
Nespola, A. Antonino, S. 

POF-PLUS Project: Toward Gbit/s Transmission 
over SI-POF for Home Networking; Invited 

9-11 September 
2009 

Sidney, Australia SC, 
Industry 

150 World 
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Straullu, P. Savio paper at POF Conference 2009 
88 Conference Paper S. Abrate, R. Gaudino Large core Polymer Optical Fibers for 

aeromobile cabling: 100Mbps and 1Gbps 
transmission  at AVFOP Conference  

22-24 September 
2009 

San Antonio, Texas, 
USA 

SC, 
Industry 

200 World 

89 Conference Paper A. Nespola, S. Abrate, R. 
Gaudino, B. Offenbeck, J. 
Sundermeyer, C. Zerna, 
N. Weber 

In-building and home networks using POF; 
Invited paper at The 22nd Annual Meeting of 
the IEEE Photonics Society 

4-8 October 2009 Belek-Antalya, 
Turkey 

SC, 
Industry 

500 World 

90 Conference S. Straullu ISMB Future Network & Mobile Summit 2010, June 
16-18 2010, Florence, Italy 

June 16-18 2010 Florence, Italy SC, 
Industry 

400 Europe 

91 Conference O. Ziemann, POF-AC OSA Topical Meeting 2010, ANIC, June 21-24 
2010, Karlsruhe, Germany 

June 21-24 2010 Karlsruhe, Germany SC, 
Industry 

200 Germany 

92 Conference O. Ziemann, POF-AC 4th application conference for connectors, 30 
June 2010, Würzburg, Germany 

30 June 2010 Würzburg, Germany SC, 
Industry 

200 Germany 

93 Conference S. Abrate, ISMB ICTON2010 - 12th International Conference on 
Transparent Optical Networks, June 27-July 01 
2010, Munich, Germany 

June 27-July 01 Munich, Germany SC, 
Industry 

400 Europe 

94 Conference S. Abrate, ISMB, R. 
Gaudino, ISMB, H. 
Hennessy, FIRECOMMS, 
C. Zerna, FRAUNHOFER, 
S. Yan, TU/E, A.M.J. 
Koonen, TU/E, O. 
Ziemann, POF-AC 

ECOC 2010, September 18-24 2010, Turin, Italy 19-23 September 
2010 

Turin, Italy SC, 
Industry 

1500 World 

95 Conference S. Yan, TU/E Microwave Photonics 2010, October 05-08 
2010, Montreal, Canada 

October 05-08 2010 Montreal, Canada SC, 
Industry 

400 World 

96 Conference S. Abrate, ISMB, J. 
Lambkin, FIRECOMMS, 
O. Ziemann, POF-AC, A. 
Gnazzo, TILAB 

POF Conference 2010, the 19th International 
Conference on Plastic Optical Fibers, October 
19-21 2010, Yokohama, Japan 

October 19-21 2010 Yokohama, Japan SC, 
Industry 

150 World 

97 Press Release FIRECOMMS 
(R.Williams) 

AT&T Recognizes Firecomms Participation In 
Completed And Pending POF Proof Of Concept 
Studies (Firecomms Press Release 12 May 
2010) 

  Everyone  World 

98 Press Release FIRECOMMS 
(R.Williams) 

Firecomms Teams with Mitsubishi Int’l Corp, 
AFL Telecommunications, and NYCE Networks 
at FTTH Expo to Showcase Plastic Optical Fiber 
Solutions (Firecomms Press Release 10 Sept 
2010) 

  Everyone  World 

99 Press Release FIRECOMMS 
(R.Williams) 

Firecomms and Mitsubishi Rayon to 
Demonstrate an End-to-End POF Solution for 

  Everyone  World 
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In-Home/In-Premise Networking at Broadband 
World Forum 2010 (Firecomms Press Release 
10 Oct 2010) 

100 Contributions to ETSI 
ATTM/AT2 

TILAB Revision of ETSI TS 105 175-1 V1.1.1 (2010-
01) 

  SC, 
Industry 

 Europe 

101 Conference Paper R. Gaudino, J. Molina, D. 
Zeolla, P. Savio, S. 
Straullu, A. Nespola, S. 
Abrate, C. Zerna, J. 
Sundermeyer, A. 
Fiederer, N. Verwaal, B. 
Offenbeck, N. Weber 

Architectures for low-cost Gbit/s POF links for 
Home Networking at Future Network and 
Mobile Summit 2010 

June 16-18 2010 Florence, Italy SC, 
Industry 

400 Europe 

102 Conference Paper O. Ziemann, H. Poisel Status of Gigabit Home Networks with Polymer 
Optical Fibers at OSA Topical Meeting 2010, 
ANIC 

21-24 June 2010 Karlsruhe, Germany SC, 
Industry 

200 Germany 

103 Conference Paper H. Yang, Y. Shi, W. 
Wang. C. M. Okonkwo, H. 
P. A. van den Boom, A. 
M. J. Koonen and E. 
Tangdiongga 

Multiband OFDM UWB transmission over 1-mm 
core diameter graded-index plastic optical fibre 
at OSA Topical Meeting 2010, ANIC 

21-24 June 2010 Karlsruhe, Germany SC, 
Industry 

200 Germany 

104 Conference Paper O. Ziemann, S. Loquai, J. 
Vinogradov, R. Kruglov 

The 1 Gigabit over 1 mm POF Story - from 
Vision to Standard at ECOC 2010  
(Symposium S5 High-Speed Short-Range 
Optical Communications) 

19-23 September 
2010 

Turin, Italy SC, 
Industry 

1500 World 

105 Conference Paper C. Zerna, J. 
Sundermeyer, A. 
Fiederer, N. Verwaal, B. 
Offenbeck, N. Weber 

Integrated PAM2 Decision Feedback Equalizer 
for Gigabit Ethernet over Standard SI-POF 
using red LED at ECOC 2010 

19-23 September 
2010 

Turin, Italy SC, 
Industry 

1500 World 

106 Conference Paper Y. Shi, H. Yang, D. Visani, 
C.M. Okonkwo, H.P.A. 
van den Boom, H. Kragl, 
G. Tartarini, S. Randel, E. 
Tangdiongga, and A.M.J. 
Koonen 

First demonstration of broadcasting high 
capacity data in large-core POF-based in-home 
networks at ECOC 2010 

19-23 September 
2010 

Turin, Italy SC, 
Industry 

1500 World 

107 Conference Paper A. Nespola, D. Zeolla, S. 
Straullu, P. Savio, S. 
Abrate, J. Ramirez, R. 
Gaudino 

Towards a new Gigabit Ethernet PHY for SI-
POF at ECOC 2010 

19-23 September 
2010 

Turin, Italy SC, 
Industry 

1500 World 

108 Conference Paper A. Nespola, D. Zeolla, S. 
Straullu, P. Savio, D. 
Cardenas, N. Campione, 
S. Abrate, J. Ramirez, R. 

First demonstration of real-time LED-based 
Gigabit Ethernet transmission on 50m of A4a.2 
SI-POF with significant system margin at ECOC 
2010 Post-Deadline Session  

19-23 September 
2010 

Turin, Italy SC, 
Industry 

1500 World 
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Gaudino 
109 Conference Paper Y. Shi, H. Yang, C. M. 

Okonkwo, D. Visani, G. 
Tartarini, E. Tangdiongga, 
and A.M.J. Koonen 

Multimode Fiber Transmission of Up-Converted 
MB-OFDM UWB Employing Optical Frequency 
Multiplication at Microwave Photonics 2010 

5-8 Oct 2010 Montreal, Canada SC, 
Industry 

400 World 

110 Conference Paper R. Kruglov, S. Loquai, C.-
A. Bunge, O. Ziemann, J. 
Vinogradov 

Improved Functionality of POF Simulation Tool 
at POF 2010 

October 19-21 2010 Yokohama, Japan SC, 
Industry 

150 World 

111 Conference Paper R. Kruglov, S. Loquai, J. 
Vinogradov, O. Ziemann 

Comparison of DMT, PAM and NRZ with 
optimized Receiver Bandwidths at POF 2010 

October 19-21 2010 Yokohama, Japan SC, 
Industry 

150 World 

112 Conference Paper J. Lambkin, C. Cahill, D. 
Carey, D. Barrow 

Resonant Cavity Light Emitting Diodes: An 
Enabling Technology for Plastic Fibre 
Communication Applications at POF 2010 

October 19-21 2010 Yokohama, Japan SC, 
Industry 

150 World 

113 Conference Paper J. Vinogradov, O. 
Ziemann, S. Stengel, B. 
Offenbeck, R. Gaudino, 
M. Rizzetti 

POF-Ribbon Transmission at POF 2010 October 19-21 2010 Yokohama, Japan SC, 
Industry 

150 World 

114 Conference Paper Abrate, A. Nespola, S. 
Straullu, P. Savio, D. 
Zeolla, J. Ramirez, R. 
Gaudino 

Fully-digital parallel adaptive decision feedback 
equalizer for Gigabit Ethernet SI-POF links at 
POF 2010 

October 19-21 2010 Yokohama, Japan SC, 
Industry 

150 World 

115 Conference Paper C. Zerna, B. Offenbeck, 
N. Weber, S. Abrate, A. 
Nespola, S. Straullu, P. 
Savio R. Gaudino 

Adaptive integrated PAM2 mixed-signal 
equalizer for SI-POF home networking links at 
POF 2010 

October 19-21 2010 Yokohama, Japan SC, 
Industry 

150 World 

116 Conference Paper C. Zerna, N. Weber, S. 
Abrate, A. Nespola, S. 
Straullu, P. Savio, R. 
Gaudino 

Algorithm for adaptive mixed-signal equalizer for 
SI-POF home networking links at POF 2010 

October 19-21 2010 Yokohama, Japan SC, 
Industry 

150 World 

117 Conference Paper S. Abrate, A. Nespola, S. 
Straullu, P. Savio R. 
Gaudino 

A Physical Coding Sublayer for Gigabit Ethernet 
transmission over POF at POF 2010 

October 19-21 2010 Yokohama, Japan SC, 
Industry 

150 World 

118 Conference Paper D. Visani, Y. Shi, H. Yang, 
C. M. Okonkwo, G. 
Tartarini, E. Tangdiongga, 
and A.M.J. Koonen 

Towards Converged Broadband Wired and 
Wireless In-home Optical Networks at ONDM 
2011 

8-10 Feb 2011 Bologna, Italy SC, 
Industry 

300 Europe 

119 Conference Paper Y. Shi, D. Visani, C.M. 
Okonkwo, H. Yang, 
H.P.A. van den Boom, G. 
Tartarini, E. Tangdiongga, 
and A.M.J. Koonen 

First Demonstration of HD Video Distribution 
over Large-Core POF employing UWB for In-
Home Networks at OFC/NFOEC 2011 

6-10 March 2011 Los Angeles, USA SC, 
Industry 

2500 World 
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120 Conference Paper E. Tangdiongga, C.M. 
Okonkwo, Y. Shi, D. 
Visani, H. Yang, H.P.A. 
van den Boom, and 
A.M.J. Koonen 

High-Speed Short-Range Transmission over 
POF at OFC/NFOEC 2011 

6-10 March 2011 Los Angeles, USA SC, 
Industry 

2500 World 

121 Conference Paper A. Antonino, S. Straullu, 
S. Abrate, A. Nespola, P. 
Savio, D. Zeolla, J. 
Ramirez, R. Guadino, S. 
Loquai, J. Vinogradov 

Real-time Gigabit Ethernet bidirectional 
transmission over a single SI-POF up to 75 
meters at OFC 2011  

6-10 March 2011 Los Angeles, USA SC, 
Industry 

2500 World 

122 Conference Paper O. Ziemann, S. Loquai, J. 
Vinogradov, R. Kruglov 

The Potential of 10 Gbit/s with POF at the FTTH 
Council Europe Conference 

08-10 February 2011 Milan,  Italy SC, 
Industry 

500 Europe 

123 Conference Paper R. Kruglov, S. Loquai, C.-
A. Bunge, O. Ziemann, 
B.Schmauss, Juri 
Vinogradov 

10 Gbit/s Short-Reach Transmission over 35 m 
Large-Core Graded-Index Polymer Optical Fiber 
at OFC 2011 

6-10 March 2011 Los Angeles, USA SC, 
Industry 

2500 World 

124 Conference Paper J. Vinogradov, O. 
Ziemann, R. Kruglov, S. 
Stengel, B. Offenbeck, R. 
Gaudino, M. Rizzetti 

Proposal for POF- ribbon transmission at OFC 
2011, POF-Symposium 

6-10 March 2011 Los Angeles, USA SC, 
Industry 

2500 World 
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Section B  
 
Part B1  
 

TEMPLATE B1: LIST OF APPLICATIONS FOR PATENTS, TRADEMARKS, REGISTERED DESIGNS, ETC. 

Type of IP 
Rights7:   

Confidential  
Click on 
YES/NO 

Foreseen 
embargo date 
dd/mm/yyyy 

Application 
reference(s) 

(e.g. EP123456) 
Subject or title of application Applicant (s) (as on the application) 

 

Patent NO  GB0906715.8
Method for Generating 
Multi-Level Optical 
Signals 

Ciaran Cahill, John Lambkin 

Patent NO  09161505.4 

Mehrträgermodulation 
optischer Kanäle mit 
reduzierter optischer 
Leistung 

O. Ziemann, H. Poisel 

 
 

                                                 
7 A drop down list allows choosing the type of IP rights: Patents, Trademarks, Registered designs, Utility models, Others. 
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Part B2  
 

Type of 
Exploitable 
Foreground8 

Description 
of exploitable 
foreground 

Confide
ntial 

Click on 
YES/NO 

Foreseen 
embargo 

date 
 

Exploitable 
product(s) or 
measure(s) 

Sector(s) of 
application9 

Timetable, 
commercial or 
any other use 

Patents or 
other IPR 
exploitation 
(licences) 

Owner & Other 
Beneficiary(s) 
involved 

Commercial 
exploitation of 
R&D results 
 

Gigabit 
Ethernet SI-
POF prototype 
based on RC-
LED 

NO 2011 Hardware 
proof-of-
concept 

J61.1 - Wired 
telecommunicat
ions activities 

2012  ISMB 

Commercial 
exploitation of 
R&D results 
 

Method for 
manufacturing 
a POF ribbon 

NO 2011 Manufacturing 
know-how 

J61.1 - Wired 
telecommunicat
ions activities 

2013  Luceat 

Commercial 
exploitation of 
R&D results 
 

Proof of 
concept for 
multigigabit 
over POF 
communication 
 

NO 2011 White paper J61.1 - Wired 
telecommunicat
ions activities 

2012  ROSE 

Exploitation of 
R&D results via 
standards  

Requirements 
for POF 
systems 
included in the 
ETSI Technical 
Specification 
105 175-1 
V1.1.1 
published in 
2010 
New version 
foreseen for 
2011 

NO 2011 Measurement 
parameters for 
system 
manufacturers/
users. 
Test List and 
measurement 
methodology 
included in the 
POF Handbook 

J61.1 - Wired 
telecommunicat
ions activities 

2011  Telecom Italia 

Commercial 
exploitation of 

Reliable and 
Simple to 

No 2012 
 

Products 
available, 

J61 – 
Telecommunic

2012 
 

 FT 

                                                 
3 A drop down list allows choosing the type of foreground: General advancement of knowledge, Commercial exploitation of R&D results, Exploitation of R&D results via standards, 
exploitation of results through EU policies, exploitation of results through (social) innovation. 
9 A drop down list allows choosing the type sector (NACE nomenclature) :  http://ec.europa.eu/competition/mergers/cases/index/nace_all.html 
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Type of 
Exploitable 
Foreground8 

Description 
of exploitable 
foreground 

Confide
ntial 

Click on 
YES/NO 

Foreseen 
embargo 

date 
 

Exploitable 
product(s) or 
measure(s) 

Sector(s) of 
application9 

Timetable, 
commercial or 
any other use 

Patents or 
other IPR 
exploitation 
(licences) 

Owner & Other 
Beneficiary(s) 
involved 

R&D results install Gigabit 
Ethernet 
Networking 
comprising 
POF interfaces 

standard in 
ETSI 

ations 

General 
advancement of 
knowledge 
 

Transmission 
Records on 
POF (multi 
Gbps 
transmission) 

NO 2011 Proof of 
Concept 
experiments 

J61.1 - Wired 
telecommunicat
ions activities 

2012  TUE 

General 
advancement of 
knowledge 
 

Radio-over-
POF 
techniques 

NO 2011 Proof of 
Concept 
Experiments 

J61.1 - Wired 
telecommunicat
ions activities 

2012  TUE 

 
 
Further description to the table above is given in the following section. 
 



1. Gigabit Ethernet SI-POF prototype based on RC-LED (ISMB) 
• An hardware demonstrator of a real-time, real traffic Gigabit Ethernet media 

converter over SI-POF using RC-LED 
• Purpose: demonstration of the feasibility of RC-LED based transmitters at 1 Gbit/s, an 

unprecedented result so far 
• The media converter hardware and DSP algorithms are ready for a proof-of-concept. 

Engineering is needed for an actual commercialization, an activity that can be carried 
out only by large industrial partners. 

• No specific further research needed, even though before commercialization 
development is still required  at the component level (optoelectronic and ASIC chipset 
for the PHY) 

• The potential area of application is home networking. Originally unexpected 
applications may also come from the automotive and industrial automation sector. 

2. Method for manufacturing a POF ribbon (LUCEAT) 
• A manufacturing process, including the know-how to industrialise it, to make an n-

fiber (2<n<8) POF ribbon starting from individual cladded fibers 
• Purpose: mass manufacturing of POF ribbon 
• The manufacturing process is fully developed. 
• The potential area of application is very-high-speed optical parallel data transmission 

(10+ Gbps). A POF ribbon could easily be fit in a future cable to replace USB 3.0 or 
ThunderBolt and allow much higher transfer rates for short distances such as in 
commercial electronic devices such as smartphones, cameras etc.. 

 
3. Multigigabit Proof of concept (ROSETTA) 

• A demonstration of feasible communication of multigigabit per second throughput 
over POF 

• It defines a roadmap for use of POF in Entreprise networking applications 
• No IPR in this case, but we developed preliminary know-how towards 

implementation of algorithms and hardware prototype 
 

4. Requirements for POF systems included in the ETSI Technical Specification 105 175-1 
V1.1.1 (TELECOM ITALIA) 

• International reference for requirements related to POF systems operating at 100 
Mbit/s and 1 Gbit/s 

• According to comments received by other organizations (IST ALPHA Project, 
ISO/IEC, DKE) a new version of this Technical Specification is foreseen for 2011 

• Produced a test list in order to give guidelines to how measure the requirements given 
in this TS 

• Realised specific set up to validate the test list usable by POF manufacturer systems 
 

5. FTRD: The purpose of the foreground developed in POF-PLUS, for France Télécom, is to 
indicate to manufacturers the direction for future products developments in the key area of 
reliable GbE self-install home networking using POF. This foreground is applicable in the 
short term so as to start commercialisation/distribution of products by 2012. Strong liaison 
with Luceat, Homefibre (outside of this project) and Firecomms. 

 
6. Multi-Gigabit Transmission Record at 5.3Gbit/s (P9-TUE) 

• Employing Discrete Multi-Tone Modulation (DMT) over 50m of GI-POF using low 
output power VCSEL and Si-PD  
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• Purpose: To achieve the highest transmission bit-rate based on state of the art 
components. 

• The modulation/demodulation DSP was implemented in MATLAB using instruments 
such as AWG and real-time oscilloscope. We believe that employing similar DMT 
chipsets as employed for DSL technologies, it is possible to implement this in real-
time. 

• The potential area of application is for primarily in-home networks. However it may 
also be applied to short-reach high performance computing interconnects. 

 
7. Real-time HD video transmission employing Ultra-Wide Band over Plastic Optical Fibre 

transmission (P9-TUE) 
• A hardware demonstrator of a real time video transmission system employing UWB 

over POF techniques. 
• Purpose: To demonstrate an engineered solution employing a complete WiMedia 

PHY certified solution. A proof-of-concept 3rd generation UWB development 
platform from Wisair was employed with 502 RF chip, 531 MAC chip and Wisair 
UWB antennas. 

• The performance of end-to-end solution with video running over the system was 
demonstrated with 50meters GI-POF and 3meters wireless transmission. 

• Further engineering required to better integrate the solution with available RF 
components. Hence further activity for commercialization is required by industrial 
entities with the resources to develop the solution 

• The potential application area is primarily for in-home networks where large 
bandwidth is required for emerging video applications and where convergence of 
wireless and wired technologies can reduce costs for the in-home installer. 
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6. Report on societal implications 
 
Replies to the following questions will assist the Commission to obtain statistics and 
indicators on societal and socio-economic issues addressed by projects. The questions are 
arranged in a number of key themes. As well as producing certain statistics, the replies will 
also help identify those projects that have shown a real engagement with wider societal issues, 
and thereby identify interesting approaches to these issues and best practices. The replies for 
individual projects will not be made public. 
 
A General Information 
Grant Agreement Number: 224521

Title of Project: Plastic Optical Fibre for Pervasive Low-cost Ultra-high 
capacity Systems 

Name and Title of Coordinator: Prof. Roberto Gaudino, Istituto Superiore Mario Boella
B Ethics 
1. Did your project undergo an Ethics Review (and/or Screening)? 

 
• If Yes: have you described the progress of compliance with the relevant Ethics 

Review/Screening Requirements in the frame of the periodic/final project reports? 
 
Special Reminder: the progress of compliance with the Ethics Review/Screening Requirements should be 
described in the Period/Final Project Reports under the Section 3.2.2 'Work Progress and Achievements' 
 

 
 

NO 

2.      Please indicate whether your project involved any of the following issues (tick 
box) : 

YES 

RESEARCH ON HUMANS 
• Did the project involve children?  NO 
• Did the project involve patients? NO 
• Did the project involve persons not able to give consent? NO 
• Did the project involve adult healthy volunteers? NO 
• Did the project involve Human genetic material? NO 
• Did the project involve Human biological samples? NO 
• Did the project involve Human data collection? NO 

RESEARCH ON HUMAN EMBRYO/FOETUS 
• Did the project involve Human Embryos? NO 
• Did the project involve Human Foetal Tissue / Cells? NO 
• Did the project involve Human Embryonic Stem Cells (hESCs)? NO 
• Did the project on human Embryonic Stem Cells involve cells in culture? NO 
• Did the project on human Embryonic Stem Cells involve the derivation of cells from Embryos? NO 

PRIVACY  
• Did the project involve processing of genetic information or personal data (eg. health, sexual 

lifestyle, ethnicity, political opinion, religious or philosophical conviction)? 
NO 

• Did the project involve tracking the location or observation of people? NO 
RESEARCH ON ANIMALS  

• Did the project involve research on animals? NO 
• Were those animals transgenic small laboratory animals? NO 
• Were those animals transgenic farm animals? NO 
• Were those animals cloned farm animals? NO 
• Were those animals non-human primates?  NO 



 59

RESEARCH INVOLVING DEVELOPING COUNTRIES 
• Did the project involve the use of local resources (genetic, animal, plant etc)? NO 
• Was the project of benefit to local community (capacity building, access to healthcare, education 

etc)? 
NO 

DUAL USE   
• Research having direct military use NO 
• Research having the potential for terrorist abuse NO 

C Workforce Statistics   

3.       Workforce statistics for the project: Please indicate in the table below the number of people 
who worked on the project (on a headcount basis). 

 

Type of Position Number of Women Number of Men 

Scientific Coordinator   0  4 
Work package leaders  0  7 
Experienced researchers (i.e. PhD holders)  5  24 
PhD Students  1  3 
Other  6  16 

4. How many additional researchers (in companies and universities) were 
recruited specifically for this project? 

4 

Of which, indicate the number of men:  
 

4 
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D Gender Aspects 
5.        Did you carry out specific Gender Equality Actions under the project? 
 

  No  

6. Which of the following actions did you carry out and how effective were they?  
   Not at all

 effective 
   Very 

effective 
 

   Design and implement an equal opportunity policy     
   Set targets to achieve a gender balance in the workforce     
   Organise conferences and workshops on gender     
   Actions to improve work-life balance     
   Other:  

7. Was there a gender dimension associated with the research content – i.e. wherever people were 
the focus of the research as, for example, consumers, users, patients or in trials, was the issue of gender 
considered and addressed? 

   Yes- please specify  
 

  X No  

E Synergies with Science Education 
8.        Did your project involve working with students and/or school pupils (e.g. open days, 

participation in science festivals and events, prizes/competitions or joint projects)? 
  X Yes- please specify : 

- Open day events organized by POFAC yearly in their premises, opened to young students 
- Open day organized by ISMB/POLITO in Torino, September 2010 titled “La notte dei 

Ricercatori” (“the researcher’s night”) opened to the general public 
    

9. Did the project generate any science education material (e.g. kits, websites, explanatory 
booklets, DVDs)?  

  X Yes- please specify: 
- Publication of a book titled “POF Handbook” at the end of the project 

    

F Interdisciplinarity  
10.     Which disciplines (see list below) are involved in your project?  
  X Main discipline10: 2.2 

   Associated discipline10:    Associated discipline10: 
 

G Engaging with Civil society and policy makers 
11a        Did your project engage with societal actors beyond the research 

community?  (if 'No', go to Question 14) 
 No  

11b If yes, did you engage with citizens (citizens' panels / juries) or organised civil society 
(NGOs, patients' groups etc.)?  

   No 
   Yes- in determining what research should be performed  
   Yes - in implementing the research  

                                                 
10 Insert number from list below (Frascati Manual). 
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   Yes, in communicating /disseminating / using the results of the project 

11c In doing so, did your project involve actors whose role is mainly to 
organise the dialogue with citizens and organised civil society (e.g. 
professional mediator; communication company, science museums)? 

 
 

Yes 
No  

12.    Did you engage with government / public bodies or policy makers (including international 
organisations) 

   No 
   Yes- in framing the research agenda 
   Yes - in implementing the research agenda 
   Yes, in communicating /disseminating / using the results of the project 

13a Will the project generate outputs (expertise or scientific advice) which could be used by 
policy makers? 

   Yes – as a primary objective (please indicate areas below- multiple answers possible) 
   Yes – as a secondary objective (please indicate areas below - multiple answer possible) 
   No 

13b  If Yes, in which fields? 
Agriculture  
Audiovisual and Media  
Budget  
Competition  
Consumers  
Culture  
Customs  
Development Economic and 
Monetary Affairs  
Education, Training, Youth  
Employment and Social Affairs 

 Energy  
Enlargement  
Enterprise  
Environment  
External Relations 
External Trade 
Fisheries and Maritime Affairs  
Food Safety  
Foreign and Security Policy  
Fraud 
Humanitarian aid 

 Human rights  
Information Society 
Institutional affairs  
Internal Market  
Justice, freedom and security  
Public Health  
Regional Policy  
Research and Innovation  
Space 
Taxation  
Transport 
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13c   If Yes, at which level? 
   Local / regional levels 
   National level 
   European level 
   International level 

H Use and dissemination  
14.    How many Articles were published/accepted for publication in 

peer-reviewed journals?  
11 

To how many of these is open access11 provided?  

       How many of these are published in open access journals? none 

       How many of these are published in open repositories? none 

To how many of these is open access not provided? 11 

       Please check all applicable reasons for not providing open access:  
        publisher's licensing agreement would not permit publishing in a repository 
        no suitable repository available 
        no suitable open access journal available 
        no funds available to publish in an open access journal 
        lack of time and resources 
        lack of information on open access 
        other12: …………… 

Publisher's licensing 
agreement would not 
permit publishing in a 
repository 

15. How many new patent applications (‘priority filings’) have been made?  
("Technologically unique": multiple applications for the same invention in different 
jurisdictions should be counted as just one application of grant). 

2 

Trademark 0 

Registered design  0 

16. Indicate how many of the following Intellectual 
Property Rights were applied for (give number in 
each box).   

Other 0 

17.    How many spin-off companies were created / are planned as a direct 
result of the project?  

1 (Acrylicom) 

Indicate the approximate number of additional jobs in these companies: The company at 
this point is 
composed by 4 
people but it is 
planned to grow to 
over 40 people 

18.   Please indicate whether your project has a potential impact on employment, in comparison 
with the situation before your project:  

 X Increase in employment, or X In small & medium-sized enterprises 
  Safeguard employment, or   In large companies 
  Decrease in employment,   None of the above / not relevant to the project 
 X Difficult to estimate / not possible to quantify    

                                                 
11 Open Access is defined as free of charge access for anyone via Internet. 
12 For instance: classification for security project. 
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19.   For your project partnership please estimate the employment effect 
resulting directly from your participation in Full Time Equivalent (FTE = 
one person working fulltime for a year) jobs: 

Difficult to estimate / not possible to quantify 

Indicate figure: 
 
 
 
X 

I Media and Communication to the general public  
20. As part of the project, were any of the beneficiaries professionals in communication or 

media relations? 
   Yes X No 

21. As part of the project, have any beneficiaries received professional media / communication 
training / advice to improve communication with the general public? 

  X Yes   No 

22 Which of the following have been used to communicate information about your project to 
the general public, or have resulted from your project?  

 X Press Release X Coverage in specialist press 
 X Media briefing (OFC 2011) X Coverage in general (non-specialist) press  
  TV coverage / report X Coverage in national press  
  Radio coverage / report  Coverage in international press 
 X Brochures /posters / flyers  X Website for the general public / internet 
  DVD /Film /Multimedia X Event targeting general public (festival, conference, 

exhibition, science café) 

23 In which languages are the information products for the general public produced?  

  Language of the coordinator X English 
  Other language(s)   
 
 
 
Question F-10: Classification of Scientific Disciplines according to the Frascati Manual 2002 (Proposed 
Standard Practice for Surveys on Research and Experimental Development, OECD 2002): 
 
FIELDS OF SCIENCE AND TECHNOLOGY 
 
1. NATURAL SCIENCES 
1.1  Mathematics and computer sciences [mathematics and other allied fields: computer sciences and other 

allied subjects (software development only; hardware development should be classified in the 
engineering fields)] 

1.2 Physical sciences (astronomy and space sciences, physics and other allied subjects)  
1.3 Chemical sciences (chemistry, other allied subjects) 
1.4  Earth and related environmental sciences (geology, geophysics, mineralogy, physical geography and 

other geosciences, meteorology and other atmospheric sciences including climatic research, 
oceanography, vulcanology, palaeoecology, other allied sciences) 

1.5 Biological sciences (biology, botany, bacteriology, microbiology, zoology, entomology, genetics, 
biochemistry, biophysics, other allied sciences, excluding clinical and veterinary sciences) 

 
2 ENGINEERING AND TECHNOLOGY 
2.1 Civil engineering (architecture engineering, building science and engineering, construction engineering, 

municipal and structural engineering and other allied subjects) 
2.2 Electrical engineering, electronics [electrical engineering, electronics, communication engineering and 

systems, computer engineering (hardware only) and other allied subjects] 
2.3. Other engineering sciences (such as chemical, aeronautical and space, mechanical, metallurgical and 

materials engineering, and their specialised subdivisions; forest products; applied sciences such as 
geodesy, industrial chemistry, etc.; the science and technology of food production; specialised 
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technologies of interdisciplinary fields, e.g. systems analysis, metallurgy, mining, textile technology 
and other applied subjects) 

 
3. MEDICAL SCIENCES 
3.1  Basic medicine (anatomy, cytology, physiology, genetics, pharmacy, pharmacology, toxicology, 

immunology and immunohaematology, clinical chemistry, clinical microbiology, pathology) 
3.2 Clinical medicine (anaesthesiology, paediatrics, obstetrics and gynaecology, internal medicine, surgery, 

dentistry, neurology, psychiatry, radiology, therapeutics, otorhinolaryngology, ophthalmology) 
3.3 Health sciences (public health services, social medicine, hygiene, nursing, epidemiology) 
 
4. AGRICULTURAL SCIENCES 
4.1 Agriculture, forestry, fisheries and allied sciences (agronomy, animal husbandry, fisheries, forestry, 

horticulture, other allied subjects) 
4.2 Veterinary medicine 
 
5. SOCIAL SCIENCES 
5.1 Psychology 
5.2 Economics 
5.3 Educational sciences (education and training and other allied subjects) 
5.4 Other social sciences [anthropology (social and cultural) and ethnology, demography, geography 

(human, economic and social), town and country planning, management, law, linguistics, political 
sciences, sociology, organisation and methods, miscellaneous social sciences and interdisciplinary , 
methodological and historical S1T activities relating to subjects in this group. Physical anthropology, 
physical geography and psychophysiology should normally be classified with the natural sciences]. 

 
6. HUMANITIES 
6.1 History (history, prehistory and history, together with auxiliary historical disciplines such as 

archaeology, numismatics, palaeography, genealogy, etc.) 
6.2 Languages and literature (ancient and modern) 
6.3 Other humanities [philosophy (including the history of science and technology) arts, history of art, art 

criticism, painting, sculpture, musicology, dramatic art excluding artistic "research" of any kind, 
religion, theology, other fields and subjects pertaining to the humanities, methodological, historical and 
other S1T activities relating to the subjects in this group]  

 
 


