
 

10.7 Gbit/s transmission over 220 m polymer optical fiber
using maximum likelihood sequence estimation
Citation for published version (APA):
Lee, S. C. J., Breyer, F., Randel, S., Spinnler, B., Lobato Polo, I. L., Borne, van den, D., Zeng, J., Man, de, E.,
Boom, van den, H. P. A., & Koonen, A. M. J. (2007). 10.7 Gbit/s transmission over 220 m polymer optical fiber
using maximum likelihood sequence estimation. In Proceedings of the Conference on Optical Fiber
Communication and the National Fiber Optic Engineers Conference, (OFC / NFOC 2007) 25-29 March 2007,
Anaheim, California, USA (pp. OMR2). Institute of Electrical and Electronics Engineers.
https://doi.org/10.1109/OFC.2007.4348626

DOI:
10.1109/OFC.2007.4348626

Document status and date:
Published: 01/01/2007

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: 24. Aug. 2022

https://doi.org/10.1109/OFC.2007.4348626
https://doi.org/10.1109/OFC.2007.4348626
https://research.tue.nl/en/publications/d7306eb4-b165-4979-87ea-b71feeb2bb51


10.7 Gbit/s Transmission over 220 m Polymer Optical Fiber 

using Maximum Likelihood Sequence Estimation 
 

S.C.J. Lee
(1)

, F. Breyer
(2)

, S. Randel
(3)

, B. Spinnler
(3)

, I.L. Lobato Polo
(4)

, D. van den Borne
(1)

, 

J. Zeng
(1)

, E. de Man
(5)

, H.P.A. van den Boom
(1)

, A.M.J. Koonen
(1)

 

 
 (1) COBRA Research Institute, Fac. of Electrical Engineering, Eindhoven Univ. of Tech., Eindhoven, the Netherlands (e-mail: s.c.j.lee@tue.nl); 

(2) Institute of Communications Engineering, Munich Univ. of Tech., Munich, Germany; (3) Siemens AG, Corporate Technology,  

Information and Communications, Munich, Germany; (4) Siemens AG, Siemens AG, Program and System Engineering,  

Munich, Germany; (5) Siemens AG, Communications, Fixed Networks, Munich, Germany 

 

Abstract: 10.7 Gbit/s NRZ-signals are transmitted for the first time over 220 m of multimode 120 

µm core-diameter perfluorinated graded-index polymer optical fiber using an MLSE equalizer. 
©2007 Optical Society of America 
OCIS codes: (160.5470) Polymers; (060.2330) Fiber optics communications 

 
1. Introduction 

The rapid increase of data traffic in data communication applications has pushed the demand for high-capacity and 

low-cost photonic networks for use in local area networks (LAN), such as enterprise or datacenter backbones [1,2]. 

The use of 10 Gigabit Ethernet (10GbE) in such cases will often require a new installation, because the commonly 

installed CAT-5 copper cables are unsuitable. A viable solution is the use of fiber optic cables. In comparison to 

multimode silica fibers, the perfluorinated graded-index polymer optical fiber (GI-POF) with 120 µm core-diameter 

is a promising alternative because it allows large alignment and dimensional tolerances for components, while still 

coupling well to standard high-speed transmitters and detectors at wavelengths of 850 nm and 1300 nm. This GI-

POF features easy use and installation with clip-on connectors requiring minimal training or specialized equipment 

to terminate the cables. Furthermore, cables made from GI-POF are extremely flexible, offering a bending radius of 

5 mm compared with 25 mm for silica fiber cables and 30 mm for CAT-6A copper cables. 

 Up to now, 10 Gbit/s data transmission on such 120 µm perfluorinated GI-POF has been limited to distances not 

larger than 100 m [3]. This is due to bandwidth limitations caused by modal dispersion in large-core multimode 

fibers. Recent developments in standardization of 10 Gigabit Ethernet include electronic dispersion compensation 

(EDC) to counter such limitations of multimode silica fibers [4]. E.g., the recently developed IEEE 10GBASE-LRM 

standard enables 10GbE at distances of up to 220 m by applying a Decision Feedback Equalizer (DFE) [5]. 

 In this paper, we demonstrate 10.7 Gbit/s data transmission over a 120 µm perfluorinated GI-POF up to a 

distance of 220 m using a maximum likelihood sequence estimation (MLSE) equalizer to compensate for modal 

dispersion. This distance complies with the novel IEEE 10GBASE-LRM standard, which is developed for the 

support of 10GbE on installed legacy multimode silica fibers. 

 

2. Experimental Setup 

The experimental setup of the GI-POF transmission system is shown in Fig. 1. A directly modulated 1300 nm 

distributed feedback (DFB) laser with standard single-mode fiber pigtail is used as the transmitter. This laser is 

modulated with a non return-to-zero 2
15

-1 pseudorandom bit sequence at 10.7 Gbit/s. A variable optical attenuator is 

placed after the laser to adjust the power level. Before coupling into the GI-POF, a mode mixer is used. This mode 

mixer consists of 50 cm of the same type of GI-POF wound 10 times around a cylinder with 20 mm diameter. Using 

such a mode mixer stabilizes the transmission system, because of the over-filled mode launch. 

After the mode mixer, the optical power is launched into different lengths of the GI-POF. The perfluorinated 

GI-POF used in the experiments is a commercial fiber with 120 µm core-diameter and 500 µm total diameter 

including cladding. The attenuation is approximately 40 dB/km at 1300 nm wavelength and the numerical aperture 

is 0.185. For the back-to-back measurements, the PF GI-POF is left out of the experimental setup (compare Fig. 1). 
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Fig. 1: Experimental Setup. 

 

At the receive end, a 50 µm silica multimode fiber (MMF) pigtailed InGaAs PIN detector is used, leading to a 

3.5 dB coupling loss due to core-size mismatch between the GI-POF (120 µm) and the silica MMF (50 µm). After 

electrical amplification, the received signal is fed into a commercial MLSE module [6]. This MLSE module 

comprises a 3 bit A/D converter operating at 21.4 GSamples/s and a four-state (2 symbols memory) Viterbi decoder. 

Finally, the output of the MLSE is fed back to the BER test-set. 

 

3. Experimental results 

Fig. 2a and b show the measured BER values after transmission at 10.7 Gbit/s over 100 m of GI-POF plotted against 

time without and with MLSE, respectively. These BER values are measured every second for a total time period of 

900 seconds and a received optical power of -7.5 dBm. For the 100 m GI-POF transmission system, BER values 

around 10
-3

 are reduced to 10
-7

 when MLSE is employed. As the measured BER values with MLSE are several 

orders of magnitude better than the limit of forward error correction (FEC), error-free transmission can be achieved 

under all circumstances. 

The measured BER curves depicted in Fig. 2c compare the performances of the system with and without MLSE 

in the same 100 m GI-POF transmission system at 10.7 Gbit/s. Each plotted BER value corresponds to the mean of 

300 measured values obtained every second. At a BER of 10
-4

, the 100 m GI-POF system with MLSE has a 6 dB 

better receiver sensitivity than without MLSE. For the back-to-back measurements without GI-POF, the system 

performs 2 dB better with MLSE as a result of impairments due to the directly modulated laser and modal dispersion 

introduced by the mode mixer. 

 

 
Fig. 2: (a) BER vs. time for 100 m GI-POF without MLSE at 10.7 Gbit/s  (b) same as a., but with MLSE  

(c) comparison of MLSE performance for back-to-back case and transmission over 100 m GI-POF. 
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Fig. 3: (a) BER values for different lengths of GI-POF with and without MLSE, at 10.7 Gbit/s and constant received optical power of -7.5 dBm  

(b) eye diagrams for back-to-back, 100 m without MLSE, and 220 m without MLSE  (c) BER vs. time for 220 m GI-POF with MLSE. 

 

The performance improvement due to MLSE equalization after 10.7 Gbit/s transmission is further illustrated by 

measuring the BER at a constant received optical power of -7.5 dBm for different lengths of GI-POF with and 

without equalizer (Fig. 3a). Each plotted BER value corresponds to the mean of 900 measured values, obtained 

every second. While transmission over 220 m is impossible for a system without equalization, the system with 

MLSE is able to cover this distance yielding a BER of 10
-4

. Furthermore, the feasible transmission distance using 

GI-POF is more than doubled from 90 m without MLSE to 220 m with MLSE for a BER of 10
-4

. 

Fig. 3b shows the 10.7 Gbit/s eye diagrams of the back-to-back case, and after transmission over 100 m and 

220 m of GI-POF without MLSE. The eye after 100 m is taken at a BER of 10
-4

. After 220 m, the received signal is 

totally distorted. BER measurements over a period of 900 s (Fig. 3c) show a worst performance of 3.6·10
-4

 for 

10.7 Gbit/s transmission over 220 m GI-POF. By using Reed Solomon (511, 479) FEC with 7% overhead, the BER 

can be corrected to values below 10
-12

. 

 

4. Conclusions 

For the first time, 10.7 Gbit/s data transmission is demonstrated over 220 m of commercial 120 µm perfluorinated 

GI-POF by using MLSE. This shows, that the large-core 120 µm perfluorinated GI-POF has the potential to meet 

the distance requirements of the recently approved IEEE 10GBASE-LRM standard for installed silica MMFs. 

Together with the additional advantages of mechanical robustness, relaxed alignment tolerances and easy, low-cost 

installation this makes the GI-POF a promising solution for future enterprise and datacenter backbone networks. 
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