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Thesis Summary 

This thesis discusses one of the modern microwave receiver systems in the range of Ku-band 

applications as satellite receiver for unmanned vehicle and some other applications. The main 

objective of this thesis is conducting for a case study and design dual band receiver in the downlink 

and uplink carrier in Ku-band achieving multifunctional, low cost and reduced size.  

 Chapter One: This chapter is an introduction about microwave systems, receiver 

architectures, the proposed RF front end receiver operating frequency and the system 

specifications. 

 

 Chapter Two: This Chapter discusses the RF front end receiver parts. Firstly, we describe 

the definition of microstrip antennas, definition of basic and important antenna parameters. 

Secondly, we begin with the basic concept of filter and its types, then important 

characteristics for the microstrip filter. Finally, for a fundamental understanding of the Low 

Noise Amplifier procedure, we introduce a series of underlying concepts. 

 

 Chapter Three: This Chapter discusses the following steps for designing the dual band RF 

front end receiver components separately. The first step explains the design of conventional 

shape for rectangular microstrip patch antenna at two different frequencies. Then, we 

introduce steps of design of rectangular patch with slits. The proposed antenna is fabricated 

and measured. We compare between the simulation and measured results which achieved the 

required goals.  

 The second step is the procedure for designing the conventional shape of microstrip 

parallel coupled line bandpass filter at the uplink and downlink of Ku-band. Next, we design, 

simulate and fabricate the wide band filter which have good agreement results between 

simulation and measured results. Then, we design and fabricate the proposed dual band filter 

using a microstrip parallel coupled, half-wavelength resonator with tuning capacitor in series 

with coupled sections which achieved the required goals. 

  The third step starts with features and important characteristics of the Low Noise 

Amplifier    transistor at the Ku-band. After that, we begin the Low Noise Amplifier design 

with the DC analysis. Then design the biasing network, matching input/output network, and 

finally connect the sub networks together, to achieve the required goals. Finally, the S-

parameters of each component in our system are transferred to the CAD tool, and the final 

results are found to meet our goals.          

 

 Chapter Four: This chapter discusses the implementation of RF font end receiver in lower 

L-band. We started with the proposed wide band antenna specifications, and the design steps 

of the circular patch antenna with u-slotted and partial ground. We fabricated the proposed 

antenna and measured the different parameters and results are found to achieve our goals. 

Next, we present a wide band microstrip parallel coupled line filter. We designed, simulated 

and fabricated the wide band filter which have good agreement between simulation and 

measured results. After that, we introduced the low noise amplifier specifications with its 

features and important characteristics and measurements, and results are found to achieve our 



 

goals. Finally, we measured and simulated the proposed system and the results are satisfying 

our goals. 

 

 Chapter Five: This chapter discusses conclusion and future work for this research point. 

 

 Appendices & References  

 Key Words: 

 RF Receiver, Ku-band, Microstrip antenna, Microstrip BPF, and Low Noise Amplifier. 
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Abstract 

 This thesis discusses one of the modern microwave receiver systems in the range of Ku-

band applications as satellite receiver for unmanned vehicle and some other applications .The 

main objective of this thesis is conducting for a case study, and design a dual band receiver in the 

downlink and uplink carrier in Ku-band, achieving multifunctional, low cost and reduced size. 

To achieve the most suitable design for the proposed system, we divide the RF front end receiver 

into small parts as an antenna, band pass filter and low noise amplifier. 

 The proposed antenna is designed to operate at dual frequencies 12.54GHz as downlink 

and 14.15GHz as uplink in Ku band. The proposed solution designed from a microstrip 

rectangular patch with three pairs of slits. The proposed antenna was designed using a ready-

made software package (ZELAND IE3D-Full-Wave EM Simulation Package). Then the 

designed antenna has been fabricated by using thin film and photolithography technique and has 

been measured by using the vector network analyzer (Rohde & Schwarz ZVB20). Performance 

evaluation has been conducted for the simulated and measured results which determined that the 

designed antenna achieved the required goals at frequencies 12.5 GHz to 12.9 GHz in downlink , 

and from 14.1 GHz to 14.4 GHz in uplink. The VSWR is less than 2 over the planned bandwidth. 

 The second part is the dual band filter, which is designed to operate at dual frequencies 

12.54 GHz as downlink and 14.15 GHz as uplink in Ku band. The proposed band pass filter is 

designed from a microstrip parallel coupled line, half-wavelength resonator using a tuning 

capacitor in series with coupled sections. The design and the simulation were carried out using 

ready-made software Advanced Design System (ADS) electromagnetic simulation tool. To 

verify and ensure the design and simulation results, we fabricated and measured the dual band 

filter to prove the process is right. We have good agreement between the simulation and 

measured results except small deviation. The bandwidth of the measured result is given (70 

MHz) around the center frequency at 12.53GHz and bandwidth from (12.49 GHz - 12.56 GHz) 

at the downlink and bandwidth (50 MHz) around the center frequency at 14.17GHz and 

bandwidth from (14.14 GHz - 14.19 GHz) at the uplink.  
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 Low noise amplifier is the third part in the RF front end receiver in Ku-band. The 

wideband LNAs are used in different applications such as broadband and multiband systems, 

which provides acceptable impedance matching with higher gain and low noise figure. The 

proposed design of LNA uses the low noise BJT transistor DC analysis to find the biasing value 

required to operate in specific frequency range at Ku-band. The wideband low noise amplifier 

operating at 13.6GHz and bandwidth 2.1GHz has been designed using wideband biasing network 

and  input- output matching network technique using double stub technique. The design is 

simulated using (ADS). The simulation results of low noise amplifier design after connecting all 

the sub-networks together achieve more than 11 dB gain.  

 After we finished the design of the RF front end components, we transferred the S-

parameters for each circuit contained in our system into (ADS), and the system is simulated 

using (ADS). After the integrated circuits were realized the simulation results at the downlink 

and uplink frequencies achieved high dynamic range with minimum detectable signal less than -

30 dBm and the maximum signal higher than -2 dBm, low noise figure less than 3 dB, wide 

rejection and high selectivity for the downlink and uplink from 12.48 GHz to 12.57 GHz and 

from 14.13 GHz to 14.19 GHz respectively.    

Because of the difficulty in obtaining the RF components in Ku-band from the commercial 

markets, so it is to demonstrate our ability to design and implementation of the RF front end 

receiver. We proposed a method to design and implement an RF font end receiver in lower L-

band. The wide band RF front end receiver is designed to operate at the lower L-band with 

bandwidth from 1000MHz to 1400 MHz. The lower L-band is used also in satellite applications 

especially GNSS Global Navigation Satellite Systems. We proposed a wide band RF front end 

receiver in lower L-band that can cover four different navigation systems (GPS- Galileo- 

Compass- Glonass), which provides multifunction receiver with low cost and reduced size.  

The proposed antenna design is based on a simulation using (CST) to operate at lower L-

band from (1000 MHz to 1400 MHz). The proposed antenna structure is circular microstrip 

patch with U-slot and partial ground. Then, the proposed antenna has been fabricated and 

measured. We compare between the simulation and measured results of the proposed antenna 

and the final results are found to meet our goals  
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The proposed wideband filter is also designed to operate at lower L-band. The proposed 

filter design methodology is the same as what was used in the previous RF front end receiver in 

Ku-applications. The microstrip bandpass filter was designed and simulated using (ADS). The 

proposed filter has a measured bandwidth from (1000 MHz to 1400 MHz) and VSWR less than 2 

over the bandwidth.  

The low noise amplifier in L-band (ZRL-1150LN+) with low noise figure and flatness gain 

was obtained and measured using vector network analyzer (Agilent N9918A).  

We connect the RF front end receiver circuits together and measured the receiver 

performance using VNA. The simulated S-parameters data of each component in our system was 

transferred into the (ADS) to compare with measured result. The simulated and measured results 

have a good agreement except for small difference because of the RF signal propagation effects, 

which the simulator tools don’t take into account. 

 



 

 

I 

 

List of Contents 

ABSTRACT ------------------------------------------------------------------------------------------- 

LIST OF CONTENTS ----------------------------------------------------------------------------- I 

LIST OF FIGURES ------------------------------------------------------------------------------- V 

LIST OF TABLES ------------------------------------------------------------------------------- IX 

LIST OF ABBREVIATIONS ------------------------------------------------------------------- X 

LIST OF SYMBOLS ---------------------------------------------------------------------------- XII 

CHAPTER 1 : INTRODUCTION ------------------------------------------------------------ 1 

1.1. Receiver Architectures-------------------------------------------------------------------------- 1 

1.1.1. Heterodyne Receivers --------------------------------------------------------------------------- 1 

1.1.2. Super-heterodyne Receivers ------------------------------------------------------------------- 2 
1.1.3. Homodyne Receivers ---------------------------------------------------------------------------- 3 
1.1.4. Image Rejection Receiver ---------------------------------------------------------------------- 4 

1.2. The Proposed Dual Band RF Front End Receiver --------------------------------------- 5 

1.2.1. RF Front End Receiver Operating Frequency -------------------------------------------- 5 

1.2.2. The Proposed System Specifications --------------------------------------------------------- 6 
1.2.3. The Proposed Antenna Specifications ------------------------------------------------------- 7 

1.2.4. The Proposed Filter Specifications ----------------------------------------------------------- 8 

1.3. The Proposed Low Noise Amplifier Specifications --------------------------------------- 8 

1.4. Thesis Organization ----------------------------------------------------------------------------- 9 

1.5. Publication --------------------------------------------------------------------------------------- 10 

CHAPTER 2 ANALYSIS OF RF FRONT END RX IN KU –BAND 

APPLICATIONS ----------------------------------------------------------------------------------12 

2.1. Introduction -------------------------------------------------------------------------------------- 12 

2.2. Part I: A Microstrip Antenna ---------------------------------------------------------------- 12 

2.2.1. Microstrip Antenna Architecture ----------------------------------------------------------- 12 
2.2.2.  Types of Microstrip Antenna ----------------------------------------------------------------- 13 

2.2.3. Rectangular Microstrip Antenna ------------------------------------------------------------ 14 
2.2.4. Advantages and Disadvantages of Microstrip Antenna -------------------------------- 14 
2.2.5. Performance Criteria for Antennas in Microwave Band ------------------------------ 15 

2.2.5.1 Radiation pattern ------------------------------------------------------------------------------- 15 
2.2.5.2 VSWR --------------------------------------------------------------------------------------------- 15 
2.2.5.3 Return Loss (RL) ------------------------------------------------------------------------------- 16 
2.2.5.4 Efficiency ----------------------------------------------------------------------------------------- 16 
2.2.5.5 Gain ------------------------------------------------------------------------------------------------ 16 
2.2.5.6 Band Width (BW) ------------------------------------------------------------------------------ 17 



 

 

II 

 

2.3. Part II: Band Pass Filter ---------------------------------------------------------------------- 17 

2.3.1. Basic Concept of Filter------------------------------------------------------------------------- 17 
2.3.2. Filter Techniques ------------------------------------------------------------------------------- 18 
2.3.3. Microstrip Filters ------------------------------------------------------------------------------- 18 
2.3.4. Microstrip Parallel-coupled-line Half Wave Resonators filters ---------------------- 18 

2.3.5. BPF Parameters --------------------------------------------------------------------------------- 19 
2.3.5.1 Insertion loss ------------------------------------------------------------------------------------- 19 
2.3.5.2 Stopband ------------------------------------------------------------------------------------------ 19 
2.3.6. Passband ------------------------------------------------------------------------------------------ 20 

2.4. Part III: Low Noise Amplifier --------------------------------------------------------------- 20 

2.4.1. Low Noise Amplifier Performance Parameters ------------------------------------------ 20 
2.4.1.1 Transistor choice -------------------------------------------------------------------------------- 21 

2.4.1.2 Scattering Parameter -------------------------------------------------------------------------- 21 
2.4.1.3 Biasing Circuit ----------------------------------------------------------------------------------- 23 

2.4.1.4 Stability Check ---------------------------------------------------------------------------------- 24 

2.4.1.5 Matching Networks ----------------------------------------------------------------------------- 25 
2.4.1.6 Noise Figure -------------------------------------------------------------------------------------- 26 
2.4.1.7 Amplifier Power Gain ------------------------------------------------------------------------- 26 

2.5. Conclusion ---------------------------------------------------------------------------------------- 27 

CHAPTER 3 : PROPOSED DESIGN MODEL FOR RF FRONT END RX IN KU –

BAND 29 

3.1. Introduction -------------------------------------------------------------------------------------- 29 

3.2. Part I: Details of the Proposed Antenna Design and Simulated Results ------------ 29 

3.2.1. Step 1: Design Procedure of Single Band Rectangular Microstrip Antenna ------ 30 
3.2.2. Downlink Antenna Results-------------------------------------------------------------------- 32 
3.2.2.1 Return Loss and Band Width ---------------------------------------------------------------- 32 

3.2.2.2 Voltage Standing Wave Ratio ---------------------------------------------------------------- 33 
3.2.2.3 Gain Versus Frequency Plot ------------------------------------------------------------------ 34 
3.2.2.4 Radiation pattern in 2D ----------------------------------------------------------------------- 34 

3.2.2.5 Antenna Efficiency ----------------------------------------------------------------------------- 35 
3.2.3. Uplink Antenna Results ----------------------------------------------------------------------- 35 
3.2.3.1 Return Loss and Band Width ---------------------------------------------------------------- 36 
3.2.3.2 Voltage Standing Wave Ratio ---------------------------------------------------------------- 37 
3.2.3.3 Gain Versus Frequency Plot ------------------------------------------------------------------ 37 

3.2.3.4 Radiation pattern in 2D ----------------------------------------------------------------------- 38 
3.2.3.5 Antenna Efficiency ----------------------------------------------------------------------------- 38 

3.2.4. Dual Band Techniques Used To Design Microstrip Antenna ------------------------- 39 
3.2.4.1 Slot Loaded Patch ------------------------------------------------------------------------------ 39 
3.2.4.2 Slits Loaded Patch and Coaxial Feed ------------------------------------------------------- 39 
3.2.4.3 Other Dual band Techniques ----------------------------------------------------------------- 39 
3.2.5. Proposed Dual Band Antenna ---------------------------------------------------------------- 40 
3.2.6. The Final Proposed Antenna Slits ----------------------------------------------------------- 41 
3.2.7. The Dimensions and Parameters of the Final Proposed Antenna -------------------- 42 



 

 

III 

 

3.2.7.1 Return Loss and Band Width ---------------------------------------------------------------- 43 

3.2.7.2 Voltage Standing Wave Ratio (VSWR) ---------------------------------------------------- 43 
3.2.7.3 Gain Versus Frequency Plot ------------------------------------------------------------------ 44 

3.2.7.4 Radiation pattern in 2D ----------------------------------------------------------------------- 45 
3.2.8. The Final Proposed Antenna Fabrication and Measurements ------------------------ 46 
3.2.8.1 Simulation and Measurement Result ------------------------------------------------------- 48 
3.2.8.2 The Proposed Antenna Design Simulated By CST -------------------------------------- 49 

3.3. Part II: Detailed Filter Design and Simulated Results ---------------------------------- 50 

3.3.1. Wide and Dual Band Techniques Used To Design Parallel Coupled Line 

Microstrip Filter -------------------------------------------------------------------------------------------- 50 

3.3.2. Step 1: Design Procedure of Single Band Parallel Coupled Filter ------------------- 50 
3.3.2.1 Downlink Filter Result ------------------------------------------------------------------------- 53 

3.3.2.2 Uplink Filter Result ---------------------------------------------------------------------------- 55 
3.3.3. Step 2: The Proposed Wide Band Filter Design ------------------------------------------ 57 
3.3.3.1 Simulation Results ------------------------------------------------------------------------------ 58 
3.3.3.2 Proposed Wide Band Filter Fabrication and Measurement --------------------------- 59 

3.3.3.3 Simulation and Measurement Results ------------------------------------------------------ 60 
3.3.4. Step 3: The Tunable Filter Loaded by Capacitor ---------------------------------------- 61 
3.3.5. Step 5: The Proposed Dual Band Filter Design ------------------------------------------ 64 

3.3.6. The Proposed Dual Band Filter Loaded by Transmission Line ---------------------- 65 
3.3.6.1 BPF Fabrication and Measurement -------------------------------------------------------- 68 

3.3.6.2 Simulation and Measurement Results ------------------------------------------------------ 69 

3.4. Part III: Low Noise Amplifier Design and Simulated Results ------------------------ 70 

3.5. Wide Band Low Noise Amplifier ------------------------------------------------------------ 71 

3.6. Low Noise Amplifier Features --------------------------------------------------------------- 71 

3.7. The LNA Important Characteristics ------------------------------------------------------- 72 

3.7.1. Noise Figure -------------------------------------------------------------------------------------- 72 
3.7.2. Voltage Standing Wave Ratio VSWR ------------------------------------------------------ 72 

3.7.3. Gain ------------------------------------------------------------------------------------------------ 73 
3.7.4. Stability Factor  --------------------------------------------------------------------------------- 74 

3.8. Wideband Techniques Used To Design Low Noise Amplifier ------------------------ 74 

3.8.1. DC Analysis -------------------------------------------------------------------------------------- 75 
3.8.2. Biasing Network --------------------------------------------------------------------------------- 77 

3.8.3. Stability Analysis -------------------------------------------------------------------------------- 78 

3.8.4. Design of  Matching Networks --------------------------------------------------------------- 79 
3.8.4.1 Smith Chart Solution -------------------------------------------------------------------------- 80 
3.8.4.2 ADS Solution ------------------------------------------------------------------------------------- 81 

3.8.5. Overall Low Noise Amplifier Performance Optimization ----------------------------- 83 

3.9. Important Performance Measures for the Ku-Band Proposed System ------------- 86 

3.9.1. Selectivity and Bandwidth -------------------------------------------------------------------- 86 
3.9.2. Dynamic Range ---------------------------------------------------------------------------------- 87 
3.9.3. Noise figure --------------------------------------------------------------------------------------- 88 
3.9.4. Third Order Intercept ------------------------------------------------------------------------- 89 



 

 

IV 

 

3.9.5. 1 dB Compression Point ----------------------------------------------------------------------- 90 

3.10. Conclusion ---------------------------------------------------------------------------------------- 91 

CHAPTER 4 : PROPOSED MODEL DESIGN AND IMPLEMENTATION FOR 

(GNSS) FRONT END RX ------------------------------------------------------------------------94 

4.1.1. The Proposed System Features -------------------------------------------------------------- 94 
4.1.2. The Proposed System Architecture --------------------------------------------------------- 94 

4.1. Part I: The Proposed Antenna Design and Simulated Results ------------------------ 95 

4.1.1. Design Procedure of Wide Band Circular Microstrip Antenna ---------------------- 95 
4.1.2. The Proposed Design For the RF Front End Wideband Antenna ------------------- 99 

4.1.2.1 Return Loss and Band Width -------------------------------------------------------------- 101 
4.1.2.2 Voltage Standing Wave Ratio (VSWR) -------------------------------------------------- 101 

4.1.2.3 Radiation pattern in 2D and Antenna Gain --------------------------------------------- 102 

4.1.3. Measured Results ----------------------------------------------------------------------------- 103 
4.1.4. Measured and Simulated Results---------------------------------------------------------- 104 
4.1.4.1 The Proposed Antenna Design Simulated By Zeland IE3D ------------------------- 105 

4.2. Part II: Filter Design and Simulated Results ------------------------------------------- 106 

4.2.1. Design Procedure of Wide Band Parallel Coupled Filter ---------------------------- 106 

4.3. The Proposed Design of Microstrip Band Pass Filter --------------------------------- 110 

4.3.1. Measured Results ----------------------------------------------------------------------------- 111 

4.3.2. The Measured and Simulated Results ---------------------------------------------------- 112 

4.4. Part III: Low Noise Amplifier ------------------------------------------------------------- 113 

4.4.1. DUT Modeling --------------------------------------------------------------------------------- 113 
4.4.2. LNA Measurements -------------------------------------------------------------------------- 114 

4.5. The L-Band Receiver Measurements ----------------------------------------------------- 115 

4.5.1. Free Space Path Loss Calculator ---------------------------------------------------------- 115 

4.5.2. Simulation  Results With S-Parameter --------------------------------------------------- 116 
4.5.3. Measured Results ----------------------------------------------------------------------------- 118 

4.5.4. Simulated and Measured Results---------------------------------------------------------- 119 

4.6. Conclusion -------------------------------------------------------------------------------------- 120 

CHAPTER 5 : CONCLUSIONS AND FUTURE WORK ---------------------------- 123 

5.1. Conclusions ------------------------------------------------------------------------------------- 123 

5.2. Future Work ----------------------------------------------------------------------------------- 125 

REFERENCES ----------------------------------------------------------------------------------- 127 

 

APPENDIX --------------------------------------------------------------------------------------- 136. 



 

 

V 

 

List of Figures 

FIGURE 1.1 MICROWAVE SYSTEM TRANSMISSIONS ...................................................................... 1 

FIGURE.1.2 SIMPLIFIED BLOCK DIAGRAM OF HETERODYNE ARCHITECTURE .............................. 2 

FIGURE.1.3 SIMPLIFIED BLOCK DIAGRAM OF HETERODYNE ARCHITECTURE .............................. 2 

FIGURE.1.4 SIMPLIFIED BLOCK DIAGRAM OF HETERODYNE ARCHITECTURE .............................. 2 

FIGURE 1.5 HARTLEY ARCHITECTURE .......................................................................................... 4 

FIGURE.1.6 SIMPLIFIED BLOCK DIAGRAM OF THE WEAVER ARCHITECTURE .............................. 5 

FIGURE 1.7 RF FRONT END RECEIVER ARCHITECTURE ................................................................ 6 

FIGURE 2.1 STRUCTURE OF A MICROSTRIP PATCH ANTENNA ..................................................... 13 

FIGURE 2.2 COMMON TYPES OF MICROSTRIP PATCH ELEMENTS ............................................... 13 

FIGURE 2.3 THE ANTENNA RADIATION PATTERN COORDINATES ................................................ 15 

FIGURE 2.4: THE PARALLEL COUPLED LINE FILTER. .................................................................. 19 

FIGURE 2.5: BAND PASS FILTER FREQUENCY RESPONSE ............................................................. 20 

FIGURE 2.6: LNA GENERAL BLOCK DIAGRAM CIRCUITS ............................................................ 21 

FIGURE 2.7: TWO-PORT NETWORK ANALYSIS BY S-PARAMETERS ............................................. 22 

FIGURE 2.8: THE LNA DESIGN CIRCUIT ...................................................................................... 25 

FIGURE 3:1 RECTANGULAR PATCH ANTENNA ......................................................................... 30 

FIGURE 3:2 CONVENTIONAL PATCH ANTENNA IN THE DOWNLINK OF KU-BAND. ................. 32 

FIGURE 3:3 SIMULATED RETURN LOSS S11 OF THE PROPOSED ANTENNA IN DOWNLINK ...... 33 

FIGURE 3:4 THE SIMULATION RESULTS OF VSWR AT DOWNLINK ........................................ 33 

FIGURE 3:5 THE ANTENNA GAIN AT DOWNLINK .................................................................... 34 

FIGURE 3:6 . RADIATION PATTERN AT THE DOWNLINK IN H-PLANE (Ф=0) ......................... 34 

FIGURE 3:7 THE ANTENNA EFFICIENCY AT DOWNLINK ......................................................... 35 

FIGURE 3:8 CONVENTIONAL PATCH ANTENNA IN UPLINK AT KU-BAND ................................ 36 

FIGURE 3:9 SIMULATED RETURN LOSS S11 OF THE PROPOSED ANTENNA IN UPLINK ............ 36 

FIGURE 3:10 THE SIMULATION RESULTS OF VSWR AT DOWNLINK .................................... 37 

FIGURE 3:11 THE ANTENNA GAIN AT UPLINK ...................................................................... 37 

FIGURE 3:12 RADIATION PATTERN AT THE UPLINK IN H-PLANE (Ф=0) ............................. 38 

FIGURE 3:13 THE ANTENNA EFFICIENCY AT UPLINK ........................................................... 38 

FIGURE 3:14 THE DESIGN AND SIMULATED THE FIRST ANTENNA SLIT ................................. 40 

FIGURE 3:15 THE DESIGN AND SIMULATED THE SECOND ANTENNA SLITS MODIFIED .......... 40 

FIGURE 3:16 THE DESIGN AND SIMULATED THE THIRD ANTENNA SLITS MODIFIED ............. 41 

FIGURE 3:17 THE DESIGN AND SIMULATED RESULTS OF THE FINAL PROPOSED ANTENNA 

SLITS……….......................................................................................................................... 42 

FIGURE 3:18 FINAL ANTENNA GEOMETRY OF THE MICROSTRIP ANTENNA. ......................... 42 

FIGURE 3:19 SIMULATED RETURN LOSS OF THE PROPOSED ANTENNA. ................................ 43 

FIGURE 3:20 THE SIMULATION RESULTS OF VSWR ............................................................. 44 

FIGURE 3:21 THE ANTENNA GAIN ......................................................................................... 44 

FIGURE 3:22 RADIATION PATTERN AT THE DOWNLINK IN H-PLANE (Ф=0) ....................... 45 



 

 

VI 

 

FIGURE 3:23 RADIATION PATTERN AT THE UPLINK IN H-PLANE (Ф=0) ............................. 45 

FIGURE 3:24 THE PROPOSED ANTENNA. (A) THE MASK OF ANTENNA (B) THE FABRICATED 

ANTENNA…………. .............................................................................................................. 46 

FIGURE 3:25 MEASURED INPUT RETURN LOSS OF THE FABRICATED ANTENNA. .................. 47 

FIGURE 3:26 THE MEASURED RESULTS OF VSWR ................................................................ 47 

FIGURE 3:27 SIMULATION AND MEASUREMENTS OF THE INPUT RETURN LOSS ................... 48 

FIGURE 3:28 THE RETURN LOSS RESULTS COMPARISON BETWEEN CST, ZELAND AND 

MEASURED……… ................................................................................................................ 49 

FIGURE 3:29 STRUCTURE OF A BAND-PASS FILTER DESIGNED USING (ADS) IN THE 

DOWNLINK………. ............................................................................................................... 54 

FIGURE 3:30 THE SIMULATED PASS BAND AND RETURN LOSS OF THE PROPOSED FILTER IN 

THE DOWNLINK ..................................................................................................................... 55 

FIGURE 3:31 STRUCTURE OF A BAND-PASS FILTER DESIGNED USING (ADS) IN THE 

UPLINK……….. .................................................................................................................... 56 

FIGURE 3:32 THE SIMULATED PASS BAND AND RETURN LOSS OF THE PROPOSED FILTER N 

THE UPLINK. .......................................................................................................................... 57 

FIGURE 3:33 STRUCTURE OF A BAND-PASS FILTER DESIGNED USING (ADS) ....................... 58 

FIGURE 3:34 THE SIMULATED PASS BAND AND RETURN LOSS OF THE PROPOSED FILTER .... 59 

FIGURE 3:35 THE PROPOSED FILTER LAYOUT. ..................................................................... 59 

FIGURE 3:36 FABRICATED STRUCTURE OF THE PROPOSED FILTER ...................................... 60 

FIGURE 3:37 THE MEASURED AND SIMULATED RESULTS OF THE PROPOSED FILTER. ......... 61 

FIGURE 3:38 SECTION OF SINGLE COUPLED LINE ................................................................. 62 

FIGURE 3:39 STRUCTURE OF A DUAL BAND FILTER DESIGNED USING (ADS) ....................... 62 

FIGURE 3:40 SIMULATION RESULTS OF A DUAL BAND FILTER .............................................. 63 

FIGURE 3:41 STRUCTURE OF A DUAL BAND FILTER DESIGNED USING (ADS) ....................... 63 

FIGURE 3:42 SIMULATION RESULTS OF A DUAL BAND FILTER .............................................. 64 

FIGURE 3:43 STRUCTURE OF A DUAL BAND FILTER DESIGNED USING (ADS) ....................... 64 

FIGURE 3:44 FIGURE 4.25 SIMULATION RESULTS OF A DUAL BAND FILTER ......................... 65 

FIGURE 3:45 FIGURE 1.3 CAPACITOR SHUNT TO GROUND EQUIVALENT TO OPEN STUB 

TRANSMISSION LINE.............................................................................................................. 65 

FIGURE 3:46 STRUCTURE OF A DUAL BAND FILTER DESIGNED USING (ADS) ....................... 67 

FIGURE 3:47 THE SIMULATED LOADED CAPACITORS AND LOADED TRANSMISSION LINE 

RESULTS…………… ............................................................................................................ 67 

FIGURE 3:48 STRUCTURE OF A DUAL BAND FILTER AFTER OPTIMIZATION .......................... 68 

FIGURE 3:49 THE FILTER SIMULATED RESULTS BEFORE AND AFTER OPTIMIZATION ......... 68 

FIGURE 3:50 THE PROPOSED FILTER LAYOUT. ..................................................................... 69 

FIGURE 3:51 FABRICATED STRUCTURE OF THE PROPOSED FILTER ...................................... 69 

FIGURE 3:52 THE MEASURED AND SIMULATED RESULTS OF THE PROPOSED FILTER. ......... 70 

FIGURE 3:53 (A) BFU910F TRANSISTOR      (B)    GRAPHIC SYMBOL .................................... 71 

FIGURE 3:54 THE BFU910 NOISE FIGURE ............................................................................. 72 


