
 

4.7 Gbit/s transmission over 50m long 1mm diameter multi-
core plastic optical fiber
Citation for published version (APA):
Yang, H., Tangdiongga, E., Lee, S. C. J., Okonkwo, C., van den Boom, H. P. A., Randel, S., & Koonen, A. M. J.
(2010). 4.7 Gbit/s transmission over 50m long 1mm diameter multi-core plastic optical fiber. In 2010 Conference
on Optical Fiber Communication, Collocated National Fiber Optic Engineers Conference, OFC/NFOEC 2010
(pp. OWA4). Article 5465213 Institute of Electrical and Electronics Engineers.

Document status and date:
Published: 30/06/2010

Document Version:
Publisher’s PDF, also known as Version of Record (includes final page, issue and volume numbers)

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can be
important differences between the submitted version and the official published version of record. People
interested in the research are advised to contact the author for the final version of the publication, or visit the
DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain
            • You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above, please
follow below link for the End User Agreement:
www.tue.nl/taverne

Take down policy
If you believe that this document breaches copyright please contact us at:
openaccess@tue.nl
providing details and we will investigate your claim.

Download date: 04. Oct. 2023

https://research.tue.nl/en/publications/82041ab1-76a5-41af-a88d-455d92768ac4


DMT

Tx

Offline 

processing

DAC

Arbitrary waveform 
generator

Tektronix AWG7122B

6 GS/s

Real-time 
oscilloscope

Tektronix DPO72004

25 GS/s

Bias

Si-PD

Amplifier

PMMA MC 
SI-POF 

Computer

DMT

Rx

ADC

VCSELVCSEL

 
 

Fig. 2: Experimental setup 
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Abstract: We report, for the first time, 4.7 Gbit/s transmission over 50m long 1mm diameter 

multi-core step-index plastic optical fiber, employing discrete multitone techniques and low-cost 

optical transceiver. A spectral efficiency of 13 bit/s/Hz is demonstrated. 
2010 Optical Society of America 

OCIS codes: (060.2330) Fiber optics communications; (060.4080) Modulation; (160.5470) Polymers 

1.  Introduction 

Widespread deployment of FTTH/FTTB technology will enable prolific transmission of broadband services 

delivered via standard single mode fiber from the remote central office to many end users. However, the bottleneck 

in broadband access networks currently resides at the point of service delivery to in-home end users, especially for 

the multi-dwelling units (MDU). Different approaches have been proposed to provide cost-effective solutions for 

service delivery [1]. In recent years, the commercialized polymethyl-metacrylate (PMMA) step-index plastic optical 

fibers (SI-POFs) with large core diameters have gained popularity for Gbit/s short range in-building access 

networks, due to the cheap ‘do-it-yourself’ installation, easy maintenance and small bending radius. Moreover, 

compared with the traditional high-performance transceivers for data communication, the commercialization of low-

cost and simple transceivers at visible wavelengths also provides cost-effective solutions for broadband in-home 

access networks using SI-POF.  

1 Gbit/s transmission using a low-cost DVD laser has already been demonstrated over 100 m SI-POF using 

adaptive sub-carrier multiplexing in [2]. By employing feed-forward error (FFE) correction, 1.25 Gbit/s 

transmission has been shown [3]. Moreover, by using DMT techniques, 8 Gbit/s and 1.62 Gbit/s transmission 

systems have been reported for 5 and 100 m SI-POF, respectively [4, 5]. In contrast to SI-POF, PMMA graded-

index POF (GI-POF) also attracts some attention due to its larger bandwidth when compared with SI-POF. Beyond 

4 Gbit/s data rates have been reported using 50m PMMA GI-POF [6]. However, SI-POF systems still attract lots of 

interest for low-cost robust in-home access solutions. Recently, a novel kind of multi-core (MC) SI-POF has been 

commercialized due to its advantages of low bending loss and large bandwidth [7]. Fig. 1 shows a snapshot of the 

end face of the 19-core SI-POF used in our experiments. In this paper, by using a combination of a low-cost 

transceiver and discrete multitone modulation (DMT) techniques, we demonstrate 4.7 Gbit/s transmission over 50m 

∅1 mm PMMA 19-core SI-POF. The DMT technique is a baseband version of the orthogonal frequency division 

multiplexing (OFDM) technique [5], which is widely applied in digital subscriber copper lines (ADSL, VDSL, etc.) 

and power-line communication systems. Here, we employ the DMT technique with up to 32-level quadrature 

amplitude modulation (32-QAM) using Chow’s rate-adaptive bit-loading algorithm [8]. In this experiment, we 

present the transmission performance of the 19-core SI-POF. In addition, we compare the multi-core transmission 

 

Fig. 1: 19-core SI-POF (illuminated by white light) 
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Fig. 4: Transmission performance for 50m: (top) bit allocation and 

(bottom) SNR 
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Fig. 3: Normalized frequency response of the system 

performance with single-core SI-POF and GI-POF for the same length. Due to the simplicity of the POF transceiver 

and the wide availability of DMT processors, we believe that a low-cost and robust solution for multi-Gbit/s 

transmission for in-home networks is feasible using this novel type of MC SI-POF. We thank POFAC and 

Firecomms for providing us with the MC SI-POF and VCSEL, respectively. This work is made possible by the 

Dutch program IOP-GenCom project IGC0507 Future Home Networks and the EU program FP7 project 

ICT-224521 POF-PLUS. 

2.  Experimental Results and Discussion 

The experimental setup is shown in Fig. 2. The low-cost 667 nm wavelength VCSEL, with a bandwidth of 3 GHz, 

was directly modulated by the output of the arbitrary waveform generator (AWG) running at a sampling rate of 

6 GHz. The bias current of the VCSEL was set to 3 mA, resulting in a peak-to-peak driving current of maximum 

6 mA. The optical power launched into the POF was -2 dBm. After transmitting the signal over the ∅1 mm 19-core 

SI-POF of 50meter, the optical power received was -12 dBm. After an optical focusing lens, a low-cost ∅230 µm 

APD with a -3 dB bandwidth of approximately 1.3 GHz was used to detect the signal. The signal was sent to a real-

time oscilloscope running at a sampling rate of 25 GSamples/s for off-line signal evaluation. 

In Fig. 3 we show the measured bandwidth of the 19-core SI-POF system. For comparison, we also present two 

other curves belonging to conventional single-core SI-POF and GI-POF. The maximum available bandwidth for the 

50 meter links of 19-core SI-POF is approximately 350 MHz. We observed that the bandwidth of 19-core SI-POF is 

between the bandwidth of the single core SI-POF and the single core GI-POF, where the latter has a more complex 

index profile, thus requires a more complicated manufacturing process. It should be noted that the process of 

manufacturing MC SI-POF is simply putting together in parallel the same lengths of conventional SI-POFs, thus 

incurring slightly higher costs than single core SI-POF but remaining cheaper than GI-POF. In Fig. 3, the three 

vertical gray lines show the -3 dB bandwidth for three different POF systems.  

By using the adaptive bit-loading algorithm, the limited bandwidth for 19-core SI-POF shown in Fig. 3 can be 

used optimally, hence increasing the system’s bandwidth efficiency. As shown in Fig. 2, the DMT (de-)modulation 

is executed off-line for calculation the most efficient bit-loading parameters. In this experiment, we chose 512 

subcarriers, ranging from 0 to 3 GHz. The algorithm measured the signal-to-noise ratio (SNR) per subcarrier. This 

SNR is a continuous function of frequency. Then, the algorithm allocated an appropriate number of bits per 

subcarrier to obtain the optimum overall transmission rate. Therefore, the received SNR values present a staircase-

like curve truncated at frequencies where no bits are assigned. In Fig. 4a and 4b, no bits are assigned beyond the 

275
th

 subcarrier at 1.6 GHz. This truncation is largely caused by the system bandwidth (see Fig. 3). Moreover, we 

can see in Fig. 4a, that some of the carriers are loaded with the upper limit of 5 bits/symbol (i.e. 32-QAM), while 

others with less. The number of bits allocated matches the response of the system indicated in Fig. 3 for the 19-core 

SI-POF. 

Fig. 5 shows the measured values of maximum bit rates for 50m single-core SI-POF, 19-core SI-POF and 

single-core GI-POF with a bit error rate (BER) of less than 10
-3

 taken as the target. This target BER is based on the 

forward error correction (FEC) limit of error-free operation. For a length of 2m (considered here as a back-to-back 

setup), the performance of MC SI-, single-core SI- and GI-POF are very similar, due to the fact that the fiber 

bandwidth does not play a major role for this length. For a length of 50m, the advantage of MC SI-POF over 
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Fig. 6: Constellation diagrams of the demodulated signal: (a) 64-QAM for 

41th to 50th and (b) 4-QAM for 201th to 210th subcarriers 
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Fig. 5: Maximum transmission rate for 2 and 50 m single-core SI-, MC 

SI- and single-core GI-POF, including the -3 dB bandwidth for 50 m 

POF systems as marked in Fig. 3. 

single-core SI-POF is clearly shown in terms of transmission rate. For single-core SI-POF, less than 2 Gbit/s 

transmission rate was achieved. However, MC SI-POF is able to transmit more than twice the bit rate achieved with 

single-core SI-POF. Moreover, it is worthwhile to note that the maximum transmission rate of MC SI-POF is only 

0.7 Gbit/s less than the GI-POF rate. Considering the overall performance and cost issues, MC SI-POF can be 

presented as an attractive candidate for short-range user access networks. All bit rates mentioned here include the 

7% FEC bits, cyclic prefix and preambles. In Fig. 5, we also include a data cluster for the -3 dB bandwidth of the 

50m length POF systems. These numbers validate the curves shown in Fig. 3. By employing the bit-loading 

algorithm, we transmit 4.7 Gbit/s within the -3 dB bandwidth limitation of 350 MHz for MC SI-POF, resulting in a 

spectral efficiency of 13 bit/s/Hz. 

Finally, the demodulated signal constellation diagrams are shown for two sub-carrier index groups in Fig. 6. As 

shown in Fig. 6a, 4 bits are allocated for the 41
th

 to 50
th

 sub-carrier, corresponding to the 16-QAM constellation 

while in Fig. 6b only 2 bits (4-QAM) are assigned for the 201
th

 to 210
th

 sub-carrier. Sub-carrier indices are shown in 

Fig. 4. 

3.  Conclusions 

By using off-the-shelf low-cost components in combination with the use of DMT technique, we have 

demonstrated for the first time an FEC-limited error-free and robust transmission of 4.7 Gbit/s over 50m large core 

diameter PMMA 19-core SI-POF, with a gross spectral efficiency of up to 13 bit/s/Hz. This transmission capacity is 

more than twice the transmission capacity of a single-core SI-POF. The performance of MC SI-POF has also been 

compared with a single-core GI-POF, resulting in a capacity difference of only 0.7 Gbit/s. Considering the overall 

performance and cost issues, MC SI-POF is an attractive candidate for low-cost high-speed in-building access 

networks.  

We believe that this work, in which high-performance short-reach transmission is obtained from the combination 

of low-cost transmitter and receiver, efficient modulation techniques and POF infrastructures, proves that a 

large-scale and low-cost deployment of in-home broadband access networks at multi-Gbit/s is feasible. 
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