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ABSTRACT 

 

 

 

 

Radio over fiber (RoF) technology is a promising option to deliver high speed 

broadband networks as it capable of delivering high data rate transmission, has low 

attenuation, immune to radio frequency interference (RFI) and simple design of remote 

antenna unit (RAU). Milimeter-wave on the other hand is in the range 30 GHz to 300 

GHz and offers higher bandwidth compared to lower RF frequency. The adoption of 

millimeter-wave in RoF technology will enhance its ability to deliver high speed 

broadband by utilizing the benefits of RoF and millimeter-wave. Millimeter-wave 

bandpass filter has been design in this project for frequency range of 40 GHz to 42 GHz 

as part of the RAU design. The designed bandpass filter will be fabricated using low 

temperature co-fired ceramic (LTCC) technology that will enable compact and flexible 

bandpass filter design. 
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ABSTRAK 

 

 

 

 

Teknologi radio melalui fiber merupakan satu alternatif yang baik untuk 

penghantaran jalur lebar berkelajuan tinggi, di mana ia mampu menghantar data pada 

kadar transmisi yang tinggi, mempunyai pengecilan isyarat yang rendah, imun kepada 

gangguan isyarat frekuensi radio dan rekabentuk unit antena yang lebih ringkas (RAU). 

Gelombang milimeter adalah pada julat frekuensi di antara 30 GHz dan 300 GHz, dan 

menawarkan jalur lebar yang lebih tinggi berbanding yang ditawarkan oleh frekuensi 

RF. Penggunaan gelombang millimeter dalam teknologi radio melalui fiber akan 

meningkatkan kebolehannya untuk menghantar jalur lebar berkelajuan tinggi dengan 

memanfaatkan kelebihan radio melalui fiber dan gelombang millimeter. Penyaring 

‘bandpass’ gelombang millimeter telah direka dalam projek ini pada julat frekuensi 

antara 40 GHz dan 42 GHz yang merupakan sebahagian daripada unit antena. Penyaring 

yang telah direka ini akan difabrikasi menggunakan teknologi ‘low temperature co-fired 

ceramic (LTCC)’ yang akan membolehkan rekaan penyaring ‘bandpass’ yang lebih 

kompak.   
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CHAPTER 1 

 

 

 

 

INTRODUCTION 
 

 

 

 

1.1 Project Overview 

 

 

Internet has been extensively used nowadays, in line with the growth of mobile 

devices and applications which were facilitate by wired and wireless high speed 

broadband networks. As the subscribers increased, the bandwidth will be on demand and 

it would be not enough to cater subscribers’ data usage at one time. High speed 

broadband networks are deployed either using wired or wireless medium. The wireless 

high speed broadband networks include the Enhanced Data Rates for GSM Evolution 

(EDGE), third generation (3G), High Speed Packet Access (HSPA), Worldwide 

Interoperability for Microwave Access (WiMAX) and Long Term Evolution (LTE) 

protocol. These wireless networks use the spectrum as its communication medium, 

which is subject to regulatory guidelines. Fiber to the x (FTTX) also has been widely 

deployed as a wired high speed broadband network. In FTTX, optical fiber has been 

used to provide all or part of the local loop for last mile telecommunications. The last 

mile could be to the home, desktop, node, cabinet, premises, building or telecom 

enclosure. Both wired and wireless has its’ own benefits and also challenges. 
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The benefits of wireless network are the installation process is simple and fast 

compared to wired networks and it provides mobility to users. However, as the usage 

increase, the spectrum has become more congested, and the users are also exposed to 

radio frequency interference (RFI). 

Optical fiber networks carry high bandwidth data at equal upstream and 

downstream specification, without much limitation on distances due to its low 

characteristics. However, the challenging part is the installation work because fiber 

optics are usually installed underneath streets or ground which took long period to 

complete and involve high cost budget. 

Radio over fiber (RoF) is a technology whereby light is modulated by radio 

signal and transmitted over an optical fiber link to facilitate wireless access. The 

transmitted signal over the fiber link could be in the form of various protocols such as 

3G and WiFi and it can be simultaneously received by the same antenna. These signals 

were sent to a central station (CS) where the light signals will be converted to radio 

signals by remote antenna unit (RAU), amplified and retransmitted through wireless 

medium by an antenna. Hence, frequency conversion is not required at base stations, 

resulting simpler remote antenna unit design.  

RAU is connected to CS. RAU consist of photodiode, laser diode, bandpass filter 

(BPF), amplifier and antenna. Main function of RAU is to convert optical signal to 

wireless, done by photodiode or vice versa, which is done by laser diode. The BPF 

function is to pass frequencies within a certain range and attenuates frequencies outside 

the range. Various studies had been conducted on the BPF design for the millimeter-

wave applications. The design includes the end-coupled, hairpin, substrate integrated 

waveguide (SIW) and stripline parallel coupled filter topologies. 

The limited availability of radio frequency (RF)  bands requires utilization of 

other frequency region and millimeter-wave is a good option because of the wide 

bandwidths available to support high speed transmission. The millimeter-wave spectrum 

is at 30GHz-300GHz frequency range. 

This project is to study the millimeter-wave BPF design for radio over fiber 

(RoF) remote antenna unit (RAU) application. The design will then be fabricated using 

low temperature co-fired ceramic (LTCC) technology. Hence, as part of the millimeter-
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wave adoption in RoF technology, this project has been narrowed down to design the 

BPF. 

 

 

 

 

1.2 Problem Statement 

 

 

Internet access is very limited in rural areas due to its geographical factor. It is 

not economical to connect end-user premises using fiber optic link due to the cost of 

installing the fiber optic cable and cost of the fiber optic itself. RoF has been seen as a 

suitable option to replace fiber optic link to reduce the cost of providing internet access 

to rural areas. 

 To meet the high bandwidth transmission provided by fiber optic, the usage of 

millimeter-wave will provide capacity close to what has been offered by conventional 

fiber optic link. RoF operating in millimeter wave frequency has been proposed to 

ensure high capacity data can be provided to end-user.   

 RoF system provides a simpler RAU, whereby the modulation of millimeter-

wave is done at CS. RAU consist of a photodetector, bandpass filter, amplifier and 

antenna. This project scope has been narrowed down to propose a millimeter wave BPF 

design for RoF system using LTCC technology. LTCC enables compact circuit 

implementation that shall reduce the BPF size and this will produce a simpler and 

compact RAU. 
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1.3 Objective 

 

 

The objective of this project is to design, simulate and fabricate a downlink 

millimeter-wave BPF for RoF technology using LTCC technology. 

 

 

 

 

1.4 Scope of Work 

 

 

The following scope of work will be the guideline during the process of the proposed 

BPF development work: 

 

i. The BPF topology that will be use is the end-coupled half wavelength resonator 

bandpass filter. 

ii.  The BPF will use Chebyshev response to get the sharpest frequency cut-off. 

iii.  The proposed filter will be design for downlink in frequency range of 40 GHz to 

42 GHz. 

iv. Simulation will be done using Advanced Design System (ADS) software. 

v. Fabrication technology is LTCC. 

 

 

 

 

1.5 Thesis Outline 

 

 

This thesis is a document for master project in Electrical Engineering – 

Electronic and Telecommunication. The report is organized in the following manner. 
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 Chapter 1 describes the project introduction covering project overview, problem 

statement, objective and scope of work during project development. 

 Chapter 2 summarized the literature review which consists of studies in the radio 

over fiber (RoF) technology, millimeter-wave properties and applications, microwave 

bandpass filter design method and low temperature co-fired ceramic (LTCC) 

technology. 

 Chapter 3 covers on the project methodology whereby detailed of the project 

development processes will be further spell out to realize the objective of this project. 

Chapter 4 covers on the simulation results and discussions. Simulation 

configuration is also included in this chapter. 

 Chapter 5 concludes the simulation findings and proposed future works to 

improve the filter design. 
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