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A Study on Graded-index Plastic Optical Fiber for Low-noise Signal Transmission

Graded-index (GI) plastic optical fibers (POFs) are promising optical cables for indoor
applications because of their flexibility, safety, and high bandwidth. Recently, it was demonstrated
that GI POFs have noise reduction effect, which is closely related to the strong mode coupling due
to microscopic heterogeneous structures in the core polymer materials. The noise reduction using
GI POFs allows for more stable and robust signal transmission; however, the detailed mechanisms
underlying this stabilization have not yet been clarified. In this study, signal transmission
characteristics of the low-noise GI POF were investigated. The investigation primarily focused on
digital baseband and analog radio-over-fiber (RoF) transmission for indoor applications.

Chapter 1 describes the background and purpose of this study.

Chapter 2 summarizes the basic theory and technical background of GI POFs.

Chapter 3 shows the basic characteristics of the GI POF prepared for the transmission
experiments. The refractive index profile, transmission loss, and bandwidth of the GI POF were
evaluated. It was confirmed that the GI POF exhibits distinct mode coupling through the
observation of the beam pattern change in the light propagated through the GI POF. Furthermore,
coupling coefficients of the GI POF were estimated based on the analysis of its frequency response
using the coupled power equation for GI POFs.

In chapter 4, digital baseband transmission using the GI POF was investigated. By using the GI
POF in place of a conventional silica GI multimode fiber (MMF) in a 1-m optical link,
higher-quality data transmission with bit error rate reduced by more than two orders of magnitude
was demonstrated because of reflection noise reduction due to the strong mode coupling. Moreover,
it was shown that the GI POF reduces nonlinear distortion in the optical link and increases
spurious-free dynamic range by up to 30 dB compared with the silica GI MMF. These results
suggest that the GI POF allows for high-quality multilevel pulse amplitude modulation for higher
data rate transmission.

In chapter 5, RoF transmission using the GI POF was investigated. It was demonstrated that the
GI POF reduces noise and distortion in RoF links through the strong mode coupling, enabling
higher-quality RoF transmission compared with the silica GI MMF for fiber lengths below 100 m.
It was also shown that the transmission quality tended to improve with an increase in the length of
the GI POF owing to its strong mode coupling. The best performance of the RoF transmission was
obtained when the GI POF was 30 m long, where the error vector magnitude was lower than 2%.

Chapter 6 summarizes the results of this study and provides some directions for future works.
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