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ABSTRACT 

For the modern wireless communication systems, the RF front-end circuits with 

function versatility and compact size attract great attention. In this thesis, the concept 

of integrated dual-band bandpass filter and antenna operated different frequencies is 

proposed and studied in both single-ended and differential structures. For the 

single-ended integrated filter-antenna (IFA) module, two three-port prototype IFA 

modules have been analyzed and experimentally measured. The proposed dual-band 

bandpass filter and slot antenna can work independently on single substrate. 

Moreover, the spurious passband rejection of dual-band filter is achieved due to the 

band-gap effect of annular slot antenna for the second IFA module.  

On the other hand, based on the advantages of RF components in balanced structure, a 

differential dual-band bandpass filter with controllable transmission zeros is 

presented. The transmission zero conditions of asymmetric loaded parallel 

coupled-line (PCL) are derived. By terminating a stepped-impedance open stub on the 

symmetric plane, the common-mode transmission zeros of proposed differential 

dual-band filter can be relocated to realize about 40 dB in-band and 25 dB wideband 

common-mode suppression. Thus, with a pair of monopole antennas terminated on 

the symmetric plane, an innovative integrated differential dual-band bandpass 

filter-antenna module is proposed and simulated.  

 

 



 

ii 

 

ACKNOWLEDGEMENTS 

I would like to thank my supervisor – Dr. Choi Wai-Wa and Co-supervisor Prof. Tam 

Kam-Weng, who are excellent and patient of supervising my study. They support and 

encourage me that I can finish my work. During the preparation of this thesis writing, 

they spent a lot of time for reviewing due to my poor writing skills. I truly enjoyed 

being their student and working with them. Moreover, I would like to express my 

sincerely thanks to Prof. Lei Zhu from Nanyang Technological University in 

Singapore for technical ideas and comments on my research works during my 

research sojourn. 

In addition, I would like to specially thank Mr. Pedro Cheong, for his experience 

sharing and assistance in my research. I would also like to thank all my members of 

my family, especially my wife, Wendy. Furthermore, thanks all the people in Wireless 

Communication Laboratory, including Mr. Zhuang Wen-Yao, Mr. Ou Bin-Kai for 

their supports and contributions.  

This work is supported by the University Research Committee of the University of 

Macau under the Research Project RG058/08-09S/10R/CWW/FST and Science and 

Technology Development Fund of Macao, Grant No. 034/2008/A2, 020/2009/A, 

020/2009/A1 and 042/2011/A2. 

 

 

 

 

 



 

iii 

 

 

 



 

iv 

 

TABLE OF CONTENTS 

 

ABSTRACT ................................................................................................................... i 

ACKNOWLEDGEMENTS .......................................................................................... ii 

TABLE OF CONTENTS ............................................................................................. iv 

LIST OF FIGURES .................................................................................................... vii 

LIST OF TABLES ....................................................................................................... xi 

LIST OF ABBREVIATIONS ..................................................................................... xii 

CHAPTER 1 – INTRODUCTION ................................................................................1 

1.1 Single-/Multi-band Banpass Filter – Antenna Modules ....................................1 

1.2 Thesis Organization ...........................................................................................3 

1.3 Originalities........................................................................................................3 

References ................................................................................................................5 

CHAPTER 2 – DUAL-BAND BANDPASS FILTER WITH INTEGATRATED 

ANTENNA ..............................................................................................................8 

2.1  Dual-Band Bandpass Filter Design Techniques .............................................8 

2.1.1  Dual-Band Filter with Stepped-Impedance Resonator ..........................9 

2.1.2  Dual-Band Filter with two different Resonators ..................................11 

2.1.3  Dual-Band Filter with Split-Type Stopband ........................................11 

2.2  Design Example of A Three-Port Integrated Daul-Band Bandpass 

Filter-Antenna Module.....................................................................................12 

2.2.1  900 MHz / 2.4 GHz Dual-Band Bandpass Filter .................................13 

2.2.2  1.8 GHz Microstrip-Fed Slot Antenna .................................................14 

2.2.3  Isolation Between Dual-Band Filter and Slot Antenna ........................15 

2.2.4  Experimental Results ...........................................................................16 

2.3  Chapter Summary .........................................................................................18 

References ..............................................................................................................19 



 

v 

 

CHAPTER 3 – SPURIOUS REPONSE SUPPRESSION FOR INTEGRATED 

DUAL-BAND BANDPASS FILTER-ANTENNA MODULE.............................21 

3.1 Dual-Band Bandpass Filter with Short-Ended Parallel Coupled-Line 

Structure ...........................................................................................................22 

3.1.1  Circuit Model .......................................................................................22 

3.1.2  Effect of Over-Coupling Section .........................................................24 

3.1.3  Frequency Ratio Controllability with Open Stub ................................25 

3.2 Annular Slot Antenna ......................................................................................26 

3.2.1  Simulation Results of Annular Slot Antenna .......................................26 

3.3 Design Example of IFA with Spurious Suppression Response .......................28 

3.3.1  Miniaturized Parallel Coupled-Line Filter-Antenna with Spurious 

Response Suppression ................................................................................28 

3.3.2  Spurious Response Suppression ..........................................................29 

3.3.3  Experimental Results ...........................................................................30 

3.4 Chapter Summary ............................................................................................34 

References ..............................................................................................................35 

CHAPTER 4 – DUAL-BAND DIFFERENTIAL BANDPASS FILTER WITH 

COMMON-MODE SUPPRESSION .....................................................................37 

4.1 S-Parameters for Four-Port Differential Filters ...............................................39 

4.2 Differential-Mode Design Technique ..............................................................40 

4.2.1  Stepped-Impedance Structure ..............................................................40 

4.2.2  Short-ended PCL Structure ..................................................................43 

4.2.3  Branch-line Structure ...........................................................................43 

4.3 Common-Mode Suppression Technique..........................................................44 

4.3.1  Open-Ended Stepped-Impedance Structure .........................................45 

4.3.2  Centrally Loaded with Lump Elements ...............................................45 

4.3.3  Centrally Loaded with Asymmetric/Symmetric stub ..........................46 

4.3.4  Centrally Loaded with Short-Ended Microstrip Line ..........................47 

4.4 Design Example of Differential Dual-Band Bandpass Filter ..........................48 

4.4.1  Analysis of Common-Mode Equivalent Circuit ..................................49 



 

vi 

 

4.4.2  Experimental results .............................................................................50 

4.5 Chapter Summary ............................................................................................53 

References ..............................................................................................................54 

CHAPTER 5 – NOVEL INTEGRATED DIFFERENTIAL DUAL-BAND FILTER- 

ANTENNA MODULE ..........................................................................................57 

5.1 Transmission Zero Conditions of Terminated PCL .........................................58 

5.1.1  Open-/Short-Circuit Termination.........................................................59 

5.1.2  Open-stub Termination ........................................................................59 

5.2 Dual-band Bandpass Filter in Differential-Mode ............................................60 

5.2.1  Doubly Short-Ended Stepped-Impedance Resonator with Open 

stub .............................................................................................................60 

5.2.2  Analysis of Odd-and Even-Mode Equivalent Circuits ........................62 

5.2.3  Fractional Bandwidth Design ..............................................................64 

5.3 Transmission Zero Analysis in Common-Mode ..............................................67 

5.3.1  Open-End Termination ........................................................................68 

5.3.2  Open-stub Termination ........................................................................69 

5.3.3  Stepped-Impedance Open-stub Termination .......................................71 

5.4 Design Example of Novel Differential Dual-Band Bandpass Filter ................72 

5.5 Design Example of Novel Integrated Differential Dual-Band 

Filter-Antenna Module.....................................................................................75 

5.6 Chapter Summary ............................................................................................79 

References ..............................................................................................................80 

CHAPTER 6 – CONCLUSION ..................................................................................82 

6.1 Concluding Remark .........................................................................................82 

6.2 Scientific and Engineering Achievement.........................................................83 

6.3 Future Works ...................................................................................................84 

References ..............................................................................................................85 



 

vii 

 

 LIST OF FIGURES 

Fig. 1.1. Diagram of proposed integrated filter-antenna module. ....................................................... 2 

Fig. 2.1. λ/2 stepped-impedance resonator: (a) Rz < 1, (b) Rz > 1. ...................................................... 9 

Fig. 2.2. Dual-band bandpass filter designed with stepped-impedance resonator. ........................... 11 

Fig. 2.3. Dual-band bandpass filter designed with two open-loop ring resonators. .......................... 11 

Fig. 2.4. Dual-band bandpass filter designed with split-type stopband............................................. 12 

Fig. 2.5. Layout of proposed IFA module. ........................................................................................ 13 

Fig. 2.6.  (a) Simulation results of proposed IFA module, (b) Simulated radiation pattern of the slot 

antenna of proposed IFA module at 1.798 GHz, with ( ─ ─ ) E-phi, ( ─── )E-theta. ....... 14 

Fig. 2.7. Isolation of the dual-band filter and slot antenna at f1 and f2. ............................................. 16 

Fig. 2.8. Measurement results of proposed IFA module. .................................................................. 17 

Fig. 2.9. Photographs of proposed IFA module (a) top, (b) bottom. ................................................. 17 

Fig. 3.1. Geometry of proposed dual-band filter. .............................................................................. 22 

Fig. 3.2. Circuit model of proposed dual-band filter with short-ended parallel coupled-lines, 

over-coupling sections, and open stub. ............................................................................... 23 

Fig. 3.3. Calculated imaginary parts of Z21 of the dual-band bandpass filters, with (—) and without 

(– – –) over-coupling section. ............................................................................................. 24 

Fig. 3.4. Frequency ratio variation with the electrical length of the open stub. ................................ 25 

Fig. 3.5. Structure of proposed annular slot antenna. ........................................................................ 26 

Fig. 3.6. Simulated result of proposed annular slot antenna. ............................................................ 27 

Fig. 3.7. Simulated radiation patterns of slot antenna (– – –) at 4.21 GHz alone and slot antenna 

with dual-band filter (—) at 4.14 GHz................................................................................ 28 



 

viii 

 

Fig. 3.8. Geometry of proposed IFA. ................................................................................................ 29 

Fig. 3.9. Spurious rejection (–●–) and center frequency of spurious passband (–▽–) with coupling 

length LOC between open stub and annular slot. ................................................................. 30 

Fig. 3.10. Simulated results of proposed IFA module. ....................................................................... 31 

Fig. 3.11. Measured results of proposed IFA module. ........................................................................ 32 

Fig. 3.12. Measured (—) and simulated (– – –) radiation patterns of slot antenna of proposed IFA 

module at 4.06 GHz. ........................................................................................................... 33 

Fig. 3.13. Measured antenna gain of slot antenna of proposed IFA module. ...................................... 33 

Fig. 3.14. Photographs of proposed IFA module: (a) top view; (b) bottom view. .............................. 34 

Fig. 4.1. Circuit topology of receivers designed with hybrid/fully differential structures. (a) 

Conventional receiver in a hybrid structure. (b) Receiver in fully differential structure. ... 38 

Fig. 4.2. A four-port differential filter network. ............................................................................... 39 

Fig. 4.3. λ/2 stepped-impedance resonator: (a) Rz < 1, (b) Rz > 1. .................................................... 40 

Fig. 4.4. Differential-mode equivalent circuit: λ/4 stepped-impedance resonator. ........................... 41 

Fig. 4.5. Differential-mode equivalent circuit of stopband-extended balanced bandpass filter. ....... 42 

Fig. 4.6. Differential-mode equivalent circuit of balanced dual-band bandpass filter. ..................... 42 

Fig. 4.7. Equivalent circuit of dual-band filter in differential-mode. ................................................ 43 

Fig. 4.8. Equivalent circuit of differential-mode wideband filter in differential-mode. .................... 44 

Fig. 4.9. Common-mode equivalent circuit with open-ended stepped-impedance structure. ........... 45 

Fig. 4.10. Common-mode equivalent circuit centrally loaded with lump elements. ........................... 46 

Fig. 4.11. Common-mode equivalent circuit with asymmetric stub-loaded. ...................................... 46 

Fig. 4.12. Common-mode equivalent circuit with symmetric stub-loaded. ........................................ 47 

Fig. 4.13. Common-mode equivalent circuit with short-ended microstrip line loaded. ...................... 48 



 

ix 

 

Fig. 4.14. Geometry of proposed differential dual-band bandpass filter............................................. 48 

Fig. 4.15. Common-mode equivalent circuit of proposed differential filter. ...................................... 49 

Fig. 4.16. Common-mode response of equivalent circuit of proposed dual-band filter with C = 2 pF 

(····· L = 10 nH, - - - L = 40 nH, ─  ─ L = 70 nH, ─── L → ∞). ................................... 50 

Fig. 4.17. Photograph of proposed differential dual-band filter. ......................................................... 51 

Fig. 4.18. Simulated results of proposed differential dual-band filter. ............................................... 52 

Fig. 4.19. Measured results of proposed differential dual-band filter. ................................................ 52 

Fig. 5.1. Model of asymmetric loaded PCL with termination ZL at port 4. ....................................... 58 

Fig. 5.2. Structure of proposed differential dual-band filter in differential-mode............................. 60 

Fig. 5.3. Structure of proposed stepped-impedance resonator. ......................................................... 61 

Fig. 5.4. Odd- and even-mode equivalent circuits of proposed resonator when θ2a = θ2b = θ2. (a) 

Odd-mode equivalent circuit. (b) Even-mode equivalent circuit. ....................................... 62 

Fig. 5.5. Normalized f2 / f0 of proposed resonator with R = θ3 / θ1.................................................... 64 

Fig. 5.6. Simulated external quality factors of proposed dual-band filter. ........................................ 65 

Fig. 5.7. Simulated coupling coefficients with varied gap S2. ........................................................... 65 

Fig. 5.8. Circuit simulation results of proposed dual-band filter in differential mode. ..................... 66 

Fig. 5.9. Electromagnetic simulation of proposed dual-band filter in differential mode. ................. 67 

Fig. 5.10. Structure of proposed differential dual-band filter in common-mode. ............................... 68 

Fig. 5.11. Simulation results of proposed differential dual-band filter in common-mode with Z =∞. 68 

Fig. 5.12. Structure of proposed differential dual-band filter terminated with open stub in 

common-mode. ................................................................................................................... 69 

Fig. 5.13. Simulation results of proposed differential dual-band filter in common-mode with WL = 1.4 

mm (····· LL = 12 mm, ─ ─ LL = 34.5 mm, ─── LL = 96.5 mm). ..................................... 70 



 

x 

 

Fig. 5.14. Simulation results of proposed differential dual-band filter in common-mode with LL = 

96.5 mm (····· WL = 0.4 mm, ─ ─ WL = 1.4 mm, ─── WL = 2.4 mm). ............................ 70 

Fig. 5.15. Structure of proposed differential dual-band filter terminated with stepped-impedance open 

stub in common-mode. ....................................................................................................... 71 

Fig. 5.16. Simulation results of proposed differential dual-band filter in common-mode with 

stepped-impedance open stub. ............................................................................................ 72 

Fig. 5.17. Structure of proposed .differential dual-band bandpass filter with stepped- impedance open 

stub loaded. ......................................................................................................................... 73 

Fig. 5.18 Simulation results of proposed differential dual-band bandpass filter with circuit model.. 74 

Fig. 5.19 In-band simulation results of proposed differential dual-band bandpass filter. .................. 74 

Fig. 5.20 Wideband simulation results of proposed differential dual-band bandpass filter. .............. 75 

Fig. 5.21. Structure of proposed integrated differential dual-band bandpass filter-antenna module. . 76 

Fig. 5.22. Simulation results of proposed integrated differential dual-band bandpass filter-antenna 

module: (a) differential-mode, (b) common-mode. ............................................................ 77 

Fig. 5.23. Structure of proposed monopole antenna. .......................................................................... 78 

Fig. 5.24. Simulation results of proposed monopole antenna. ............................................................ 78 

 



 

xi 

 

LIST OF TABLES 

Table. 2.1. Dimensions of dual-band bandpass filter of proposed IFA (in mm). ................................. 13 

Table. 2.2. Dimensions of microstrip-fed slot antenna of proposed IFA (in mm). ............................... 14 

Table 3.1. Dimensions of proposed annular slot antenna (in mm). ..................................................... 27 

Table 3.2. Dimensions of proposed IFA module (in mm). .................................................................. 29 

Table 4.1. Dimensions of proposed differential dual-band bandpass filer (in mm). ............................ 49 

Table 5.1. Dimensions of proposed differential dual-band bandpass filer (in mm). ............................ 73 

Table 5.2. Dimensions of proposed monopole antenna. (in mm). ....................................................... 78 

 



 

xii 

 

LIST OF ABBREVIATIONS 

DECT Digital European Cordless Telephone 

DGS Defected Ground Structure 

GSM Global System for Mobile Communications 

IFA Integrated Filter-Antenna 

IDFA  Integrated Differential Filter-Antenna 

LNA Low Noise Amplifier  

LTCC Low-Temperature Cofired Ceramic 

PCL Parallel Coupled-Line 

PCN Personal Communication Network 

PCS Personal Communication Systems 

RF Radio Frequency 

RFID Radio Frequency Identification 

SiP System in Package 

SoC System on Chip 

 

 



 

1 

 

CHAPTER 1 – INTRODUCTION  

1.1 Single-/Multi-band Banpass Filter – Antenna 

Modules 

In the past decades, the RF circuits with high quality performance, compact size and 

low cost have been intensively investigated in low frequency regime, some 

components of concern are antenna and filter as the physical size is proportional to the 

electrical wavelength. For example, low cost passive and active antennas for different 

system applications and compact filters were designed with various structures such as 

quarter- and half- wavelength resonator, dual-mode resonator, low temperature 

cofired ceramic (LTCC) structure and defected ground structure (DGS) and so forth 

[1.1]-[1.7]. The antenna and filter are the essential components for the RF transceivers 

in a variety of communication systems, such as GSM, DECT, PCN, PCS and RFID. 

Although the system on chip (SoC) is already developed, it is still difficult to integrate 

low-loss passive filters and antennas in SoCs due to the size limitations in distributed 

circuitry. Therefore, the system in package (SiP) technique is widely utilized to 

realize the integration of the antenna and filter circuits [1.8], [1.9].  

Against this background, the researches on RF front-end circuits with multi-standard 

functionality are considered and the multifunctional guided-/radiated components 

concept has been proposed and attracted great attention. Recently, a filtering antenna 

component is presented based on the design of a bandpass filter as the antenna feeding 

line [1.10]. In [1.11], the concept of filter-antenna (filtenna) is proposed with 

integrating a horn antenna and waveguide cavity frequency-selective surface on one 

subs t ra te .  Besides ,  Lim et  a l .  [1 .12]  have  s tudied  two three -por t 

integrated-antenna-filter modules. The modules demonstrate the integration of a 

single band bandpass filter and patch antenna on one substrate, it has been  


