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English Abstract

With the emergence of both high capacity broadband fixed and mobile wireless
access networks, and the ever-growing demand for high Internet bandwidth and
support of quad-play (i.e., video, voice, data, and wireless), the future trend toward
optical networking and optical transport of radio frequency signals, referred to radio
over fiber, has attracted great interest. For implementing the next-generation wireless
communication systems, OFDM systems have been considered the most promising
technology among prevailing candidates. Such fact makes OFDM a future-proof
underlying Layer-1 technology for the design and implementation of next-generation
optical networks. The major goal of the integrated project is to design and prototype
an OFDM-based optical metro network satisfying three following prominent
objectives.

First, next-generation optical metro networks require the Optical Packet Switching
(OPS) technique to ensure efficient and fine-grained bandwidth allocation and various
Quality-of-Service (QoS) guarantees for supporting quad-play. Such OPS challenge
can be realized via several approaches in which the hybrid OFDMA/WDM access
mechanism has been considered the most promising OPS technology. Our first goal of
the project is to design/prototype an OFDMA/WDM access scheme satisfying the
above requirements. Second, most OFDM-related work emphasizes its applications
for long-haul transmission or radio over fiber (RoF) systems particularly under the
wireless setting. Our second goal of the project is to design a highly spectral-efficient
OFDM transmission system with and without the augmentation of the RoF,
particularly for optical metro networks. Finally, when it comes down to the realization
of such OFDM-based systems, most of the work has been justified via simulation due
to stringent requirements of high-throughput computation capability for optical
OFDM systems. To this end, our final goal of the project is to realize the optical
OFDM transmission systems through the hardware architectural design.

The main objective of this integrated project (PI: Prof. Maria Yuang) is the
realization of next-generation OFDM-based optical packet switched metro networks.
Sub-project 1 (PI: Prof. Maria Yuang) propose a novel optical metro ring architecture
based on orthogonal frequency division multiple access (OFDMA), that enables
seamless integration of high-speed broadband transport and wireless signals from
multiple remote antennas, and cost-effectively achieves 40 Gb/s data rate. Then we
present a multiple access control (MAC) system for governing the bandwidth access
on the OFDMA/WDM network. Sub-project 2 (PI: Prof. Kai-Ming Feng) investigates
the advanced applications of OFDM modulation format in ultra-high capacity and
ultra-long haul optical fiber communication systems over optical fiber. It increases
transmission capacity and efficiency by DD-OFDM scheme, and also applied for
PoIMUX-OFDM system to double the spectral efficiency and enhancing PMD
tolerance; Sub-project 3 (PI: Prof. Jyehong Chen) develops the QAM-OFDM
technique, which is the major scheme used in wireless communication, and modulates
the signal to the microwave frequency. Also, this project designs and verifies the
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60-GHz radio-over-fiber system; Sub-project 4 (PI: Prof. Yuan-Haw Huang) designs
and emulates the optical OFDM transmitter and receiver to realize the high computing
throughput by the IC design.

Keywords: Orthogonal Frequency Division Multiplexing (OFDM), Orthogonal
Frequency Division Multiple Access (OFDMA), Wavelength Division Multiplexing
(WDM), Metropolitan Area Network (MAN), Optical Circuit Switching (OCS),
Optical Burst Switching (OBS), Optical Packet Switching (OPS), Quality-of-Service
(QoS), Medium Access Control (MAC), Bandwidth Allocation, Quad-Play, Optical

Fiber Communication, Modulation Format, Fiber to the Home, Microwave Photonics.
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Parameters Value Unit
Data rate 4 GHz
Chip duration 0.25 ns
FFT size 512 points
Data/Pilot/Guard/DC 43275072971 sub-carriers
CP length 16 samples
Sub-carrier spacing 7.8125 MHz
Utilized data BW 3.375 GHz
RF central frequency 9.5 GHz
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CFO (fc=9.5GhZ) +1/45/+£10/4+20 ppm
SCO (fs=4.0Ghz) +1/45/+£10/4+20 ppm
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Process UMC90

Voltage (core/PAD) 1.0/33V
Clock speed 100/166.67 Mhz
Chip Power consumption 103 mW

Core Area 1.948 mm’

Chip Area 4.358 mm’

Gate count 522000

PAD number 82 pin
Transistor Utilization Density 91.81%
Sampling Rate 2.67G Samples/sec
Throughput 10Gbps
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