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1 Introduction 

The demand for high data rates seems to keep growing as the integration of many services 

like internet telephony, high-definition TV (HDTV), audio/video (A/V) on demand, etc. push 

the existing connections bandwidth limits. Moreover, the end user would also like to access 

all these services while being mobile. 

Commercial xDSL service providers offer peak data rates up to 50 Mbps (e.g. VDSL) to the 

end user and gigabit wired connections will be available in the near future. Nonetheless, there 

is a limit as to how much bandwidth can be transported over a twisted pair copper wire due to 

its low frequency cut-off. Therefore complex modulation schemes such as orthogonal 

frequency division multiplexing (OFDM) are used which require intensive digital post 

processing. While this modulation scheme is the principal driving force for xDSL services 

and the most popular one used up to date, the data rates are still not high enough to provide all 

the afore mentioned services with decent quality. 

Fiber to the home (FTTH) is an emerging technology which offers the enormous bandwidth 

of optical fiber (in the THz range). Connections are being deployed in many countries (in 

USA by Verizon, in Germany by Deutsche Telekom, in France by France Telecom, etc) and 

future networks start looking as shown in Figure 1.1. The connection between the optical line 

terminal and the end user will be carried out through a passive optical network (PON) to 

provide broadband coverage of broadcast TV, internet traffic and public switched telephone 

network traffic (PSTN). 

 

Figure 1.1: FTTH network architecture. FDM: Frequency Division Multiplex [1]. 
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Each house will have an optical network unit (ONU) capable of routing all the traffic and 

distributing it inside the household. A typical home with a FTTH connection will appear as 

shown in Figure 1.2. The huge bandwidth can be then divided into the different users 

(i.e. rooms) in the house and be transported through low loss, electromagnetic immune optical 

fiber. Wired gigabit connections will be easily implemented such as already deployed 

10 Gigabit Ethernet (10 GET) but that leaves the wireless transmission problem still unsolved 

for mobile devices. 

 

Figure 1.2: FTTH inhouse distribution. ONU: Optical network unit. 

Millimeter wave Radio-over-Fiber (RoF) systems are a key enabler to realize gigabit speed 

broadband wireless services as there is a huge unlicensed bandwidth at these high frequencies 

(i.e. 60 GHz, 70 GHz and 90 GHz ). The idea behind RoF systems is to centralize all the 

expensive components and control devices in the so called central station (CS) so as to 

simplify the distribution points, called base stations (BS), which are fed through optical fiber 

as seen in Figure 1.3. The enormous bandwidth offered by optical fiber allows the division of 

space in picocells or femtocells, depending on the cell size. Within each cell, a BS is in charge 

of distributing the data among its users through different intermediate frequencies. There are 

various proposed architectures, such as RoF without mm-wave generation, with sub mm-

wave generation or with mm-wave generation (the special case depicted in Figure 1.3), which 
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will be discussed later. The BS is then an optical to electrical (O/E) converter which sends the 

broadband data on a mm-wave carrier and depending on the RoF architecture, is more or less 

complex. In this context, each base station (or in FTTH case, each room in the household) 

will have a small, compact and most importantly cheap O/E transceiver which would be 

connected via optical fiber to the central station via an optical network. 

 

Figure 1.3: RoF basic architecture. 

Moreover, future research concentrates on going one step further and giving up on the CS 

altogether by using directly the wired 10 GET connection in the household and a simple 

scheme to upconvert the broadband baseband signal. A simple solution would be to remotely 

heterodyne the 10 GET optical signal with a local oscillator separated by the desired mm-

wave frequency. The critical system parameters as well as optimum receivers need to be 

further investigated for this application. 

However, today the architecture of RoF systems is completely different and not compatible 

with FTTH architectures. In future access networks like wavelength division multiplex 

passive optical networks (WDM-PON) analog RoF and digital FTTH signals must co-exist in 

the same fiber infrastructure. If this will happen, seamless broadband access services could be 

readily put into the field. In the second generation FTTH system splitting ratio up to 1:64 (or 

even more) and fiber lengths greater than 50 km are under discussion. Moreover, the bit error 

rate (BER) requirements are as high as BER = 10-9, either for wired or wireless systems. This 

results in rather high values for the power budget of the analog RoF systems and a good 

immunity against the chromatic dispersion of the fiber. 

The outline of this work is as follows. Chapter 2 will discuss the requirements for broadband 

wireless access services in terms of channel capacity, free space propagation and fading 

effects while also taking into account the most important technical challenges still ahead. 
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Chapter 3 gives an overview of the most common optical mm-wave generation methods 

whereas chapter 4 discusses the effects of the different RoF architectures with regard to 

propagation in a dispersive medium (i.e. optical fiber) and the penalties incurred therein. 

Chapter 5 first characterizes the generation of mm-wave signals with a Mach-Zehnder 

modulator under different conditions. Moreover, a novel generation method via an optical 

fiber loop mirror with different configurations is proposed and is one of the main topics of 

this thesis. In chapter 6 an evaluation of the different receiver architectures for the mobile unit 

is developed, taking special interest in sensitivity, implementation loss and bit error rate 

performance for the different setups. The maximum attainable capacities of each receiver are 

also calculated. In chapter 7 the results of the broadband wireless experiments are presented 

and discussed in detail. Finally, chapter 8 provides a summary of the most important results 

achieved throughout this work. 


