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Abstract 

 
 

This dissertation presents a research performed in the area of smart antenna 

transceivers in mobile communications. A circuit is developed to serve as a phase shifter 

for use in smart antenna arrays for beam control in Base Station Transceivers. The circuit 

is designed based on the reflection theory to implement a phase shift. The circuit has a 

good matching characteristics, low attenuation, and accurate phase shift. The design is 

tested by high frequency simulation software. Finally, to evaluate its overall performance, 

the return loss, insertion loss, and phase angle are studied. 

Fundamental theory for multiple antenna systems, phase shifters’topologies and 

fabrication methods are presented. Theory and some of the earlier research results are 

discussed. The control of phase is enabled by controlling the capacitance of the varactor 

optimized using field effect transistors. The circuit comprises a 3-dB directional coupler, 

inductors as resonating loads, junction field effect transistors (J-FETs) and single pole 

multiple terminals switching elements. The design steps of the circuit are described, and 

measurement results from are summarized and discussed thoroughly. 

 

 

 

 

 

 

 
 

 

 

 



 IV 

Table of Contents 

 
Acknowledgement ………………………………………………………............... I 

 ……………………………………………………………………………… II 

Abstract …………………………………………………………………………... III 

List of Figures ……………………………………………………………………. VII 

List of Tables ……………………………………………………………………... IX 

Chapter 1: Introduction …………………………………………………………. 1 

 1.1 Background of Multiple Antenna Systems ……………………………….. 1 

 1.2 Problem statement …………………………………………………............ 2 

 1.3 Objectives and methodology ………………………………………............ 3 

 1.4 Outline of the thesis ………………………………………………………. 3 

Chapter 2: Mobile Radio Propagation Literature …………………………….. 5 

 2.1 The Basic Propagation Mechanisms ………………………………............ 5 

  2.1.1 Diffraction and Huygens’ Principle ……………………………… 5 

  2.1.2 Mathematical Representation for Diffraction ……………………. 6 

 2.2 Mobile Radio Channel Impairments …………………………………… 7 

  2.2.1 Multipath Effects …………………………………………………. 7 

  2.2.2 Fading …………………………………………………………….. 8 

  2.2.3 Phase Cancellation ……………………………………………….. 9 

  2.2.4 Delay Spread ………………………………………………........... 10 

  2.2.5 Co-channel Interference ………………………………………….. 11 

 2.3 Improvement of Radio Link Performance ………………………........... 11 

Chapter 3: Multiple Antenna Systems ………………………………………….. 14 

 3.1 Phased Array Antenna …………………………………………………….. 14 

  3.1.1 Beamsteering ……………………………………………………... 14 

  3.1.2 Mathematical Perspective for Phase Shifting Approaches ………. 15 

  3.1.3 Degree of Freedom ………………………………………………. 16 

 3.2 Basic Concepts of Smart Antenna ………………………………........... 17 

  3.2.1 Beamforming …………………………………………………….. 18 

  3.2.3 Direction of Arrival (DOA) Estimation ………………………….. 19 

 3.3 Smart Antenna Systems …………………………………………………... 20 



 V 

  3.3.1 Switched Beam Antenna …………………………………………. 20 

  3.3.2 Adaptive Array Antenna …………………………………………. 21 

  3.3.3 Dynamic Phased Array ……………………………………........... 22 

  3.3.4 Benefits of Smart Antenna Systems ………………………............ 23 

Chapter 4: General Phase Shifting Theory …………………………………….. 25 

 4.1 Introduction ……………………………………………………………….. 25 

 4.2 Industrial standards ……………………………………………………….. 26 

  4.2.1 Gallium-Arsenide (Ga As) Based Digital phase Shifters …............ 26 

  4.2.2 Micro-electrical Mechanical system (MEMS) devices……............ 27 

  4.2.3 Monolithic Microwave Integrated Circuits (MMICs) …………… 28 

  4.2.4 Ferroelectric- based analog phase shifters ……………………….. 29 

 4.3 Phase Shifters Designs and Specifications ………………………………... 30 

  4.3.1 Switched Line Phase Shifters …………………………………….. 30 

  4.3.2 Loaded Line Phase Shifters ………………………………………. 31 

  4.3.3 Theory and Design of Distributed Phase Shifters ………………... 33 

  4.3.4 Reflective type Phase Shifters ……………………………………. 38 

   4.3.4.1 Types of Varactors ……………………………………… 41 

  4.3.5 I-Q Vector Modulators Phase Shifters …………………………… 43 

 4.4 Summary ………………………………………………………………….. 44 

Chapter 5: Design of Reflective Type Phase Shifter …………………………… 45 

 5.1 Chosen Topology …………………………………………………………. 45 

 5.2 Directional Coupler design ……………………………………………….. 46 

  5.2.1 Introduction ………………………………………………………. 46 

  5.2.2 Design Procedure ………………………………………………… 47 

  5.2.3 Simulation Results ……………………………………………….. 48 

 5.3 Design of Reflective Loads ………………………………………………. 51 

  5.3.1 Capacitive loads (CL) ……………………………………………. 52 

  5.3.2 Dual Capacitive Loads …………………………………………… 54 

 5.4 Switching Elements ………………………………………………………. 56 

 5.5 Optimization for the Practical Circuit ……………………………………. 57 

 5.6 Hardware Implementation ………………………………………………… 61 

Chapter 6: Conclusions and Recommendations………………………………... 62 

 6.1 Conclusions ……………………………………………………………….. 62 



 VI 

 6.2 Recommendations and Future works ……………………………………… 63 

References ………………………………………………………………………… 65 

Appendix A: Simulation Results ………………………………………………... 69 

 A.1 AC analysis results ……………………………………………………….. 69 

 A.2 Results of Phase Shifter Circuit (capacitive Load) ……………………….. 72 

 A.3 Results of Phase Shifter Circuit (dual capacitive Load) ………………….. 74 

 A.4 Simulation results using resonating loads of 15 nH ………………………. 76 

 A.5 Simulation results using resonating loads of 10 nH ………………………. 76 

 A.6 Simulation results using resonating loads of 6.8 nH ………………............ 77 

 A.7 Simulation results using resonating loads of 3.3 nH ………………............ 78 

Appendix B: Components Specification ………………………………………... 80 

 B.1 MMBF5460LT1 Specifications …………………………………………... 80 

 B.2 AWS5522 Specifications …………………………………………………. 81 

 B.3 TWP2233 Specifications …………………………………………………. 83 

 B.4 TWH5017 Specifications …………………………………………………. 84 

  

 

 

 

 

 

 

 

 

 

 

 

 

 



 VII 

List of Figures 
 

 
Figure No.  Page 

 

2.1 Double slit diffraction interference pattern ………………………….. 6 

2.2 Effect of multipath on a mobile user ………………………………… 8 

2.3 Illustration of Phase Cancellation ……………………………………. 10 

2.4 Cause of Delay Spread ………………………………………………. 10 

2.5 Illustration of Co-channel Interference in a typical cellular grid…….. 11 

3.1 Block Diagram of an antenna Array System ………………………… 17 

3.2 Block Diagram of a communication system using an antenna array....... 18 

3.3 Narrow-band beam-former structure ………………………………… 19 

3.4 Beam switching: Selecting a beam …………………………………… 20 

3.5 Block Diagram of an Adaptive Antenna System ……………………. 21 

3.6 Radiation pattern for an adaptive antenna array ……………………… 22 

4.1 Early Phase Shifters for Radar Applications. (a) IF digital Phase Shifter 

(b) 4-bit Ferrite C-band Phase Shifter(c) 4-bit L-band Diode Phase 

Shifter ……………………………………………………………….. 

 

 

26 

4.2 Switched line phase shifter topology ………………………….......... 30 

4.3 Switched High-pass Low-pass Filter ………………………………... 31 

4.4 Loaded Line Phase Shifter …………………………………………… 32 

4.5 Switched loads loaded Line Phase Shifter ……………………........... 32 

4.6 
Improved switched-line phase shifter using two shunt susceptances and 

a quarter-wave length of transmission line........................................... 

 

33 

4.7 (a) Schematic of a Distributed Phase-Shifter Circuit (b) Equivalent 

circuit for the varactor diode loaded line. (c) Synthetic transmission 

line with voltage-dependent characteristic impedance (ZL (V)) and 

phase velocity (Vphase (V))…………………………………………… 

 

 

 

35 

4.8 (a) Schematic of the phase shifter (b) actual photograph of the phase 

shifter (c) MEMS capacitive switch ………………………………… 

 

37 

4.9 Varying the phase of a reflected voltage ……………………………. 38 

4.10 Topology of Reflection Type Phase Shifter ………………………… 39 

4.11 Switched Line Reflection Phase Shifter …………………….............. 40 

4.12 Variable Reactance reflection Phase Shifter Using Varactors............. 40 

4.13 Circuit Topology of the RTPS using Lumped Elements…………….. 41 



 VIII 

4.14 Capacitance versus control voltage for an ideal varactor …………… 42 

4.15 Construction of an I-Q Vector Modulator …………………………... 43 

4.16 Example of a smart antenna receiver with n paths that uses vector 

addition………………………………………………………………. 

 

44 

5.1 A Typical Smart Antenna Receiver Topology………………………. 45 

5.2 General Circuit Topology of a RTPS using Lumped elements……… 46 

5.3 Construction of 90 3dB coupler using lumped elements ……........... 47 

5.4 Schematic of the coupler circuit …………………………….............. 48 

5.5 Simulated output of the coupler ………………………………........... 49 

5.6 AC analysis results for the 3-dBcoupler (1-10GHz) …………........... 50 

5.7 AC analysis results for the 3-dBcoupler (800MHz-1GHz) …………. 50 

5.8 Different Load Topologies for Phase Variation …………….............. 51 

5.9 CL using FET varactor with grounded gate terminal ……….............. 53 

5.10 Simulation results for the varactor capacitance versus the control 

voltage (CL) …………………………………………………………. 

 

54 

5.11 Dual CL using FET varactor with grounded gate terminal …………. 55 

5.12 Simulation results for the varactor capacitance versus the control 

voltage (Dual CL) ……………………………………………………. 

 

55 

5.13 Dual Switched CL using FET varactor with grounded gate 

terminal................................................................................................. 

 

57 

5.14 Plot of the phase variation due to control voltage variation using (10, 

6.8, 3.3 nH) ………………………………………………….............. 

 

59 

5.15 Plot of the phase variation due to control voltage variation using 

(15nH) ………………………………………………………………. 

 

60 

5.16 Schematic of the final phase shifter circuit …………………............. 60 

5.17 Hardware version of the Dual Capacitor Load circuit ………………. 61 

B.1 Symbol and package for MMBF5460LT1 ………………………….. 80 

B.2 Block Diagram of the AWS5522 chip and Packaged Device Pin Layout 81 

B.3 TWH5017 Pin Layout ……………………………………………….. 83 

B.4 TWP2233 Pin Layout ……………………………………….............. 84 

 

 

 

 

 

 



 IX 

List of Tables 

 
 

Table No.   Page 

 

3.1 Summary of Features and Benefits of Smart Antenna Systems.......... 24 

5.1 Simulation results for different types of inductors …………………. 58 

5.2 Switching modes using SP5T switch ……………………………….. 59 

5.3 Simulation Results for the DCL (without coils) ……………………… 61 

A.1 AC Analysis results for the Directional Coupler ……………………. 69 

A.2 Phase shift versus control voltage for the Capacitive Load circuit …… 72 

A.3 Phase shift versus control voltage for the Dual Capacitive Load circuit.. 74 

A.4 Phase shift versus control voltage using 15 nH inductors ……........... 76 

A.5 Phase shift versus control voltage using 10 nH inductors ……........... 76 

A.6 Phase shift versus control voltage using 6.8 nH inductors ………….. 77 

A.7 Phase shift versus control voltage using 3.3nH inductors ……........... 78 

B.1 Maximum Ratings for MMBF5460LT1 ……………………………. 80 

B.2 Thermal Characteristics for MMBF5460LT1 ………………………. 80 

B.3 Pin Description ……………………………………………………… 81 

B.4 AWS5522 Specifications ……………………………………............. 82 

B.5 Switch Control Truth Table …………………………………………. 82 

B.6 Absolute Minimum and Maximum Ratings …………………………. 82 

B.7 Operating Ranges ……………………………………………………. 82 

B.8 Summary of TWP2233 Specifications ………………………………. 83 

B.9 Truth Table for operation of TWP2233 ……………………………… 83 

B.10 Summary of TWH5017 Specifications ………………………………. 84 

B.11 Truth Table for operation of TWH5017 ……………………………… 85 

 

 


