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Abstract 

Recently, the necessity for low cost, low power and small size wireless transceivers has been 

increased expressively with the wide researches in transceiver architectures and RF circuit 

design techniques using CMOS technology. Long Term Evolution (LTE) is commonly 

identified as the fourth generation (4G) of wireless communication systems.  The LTE 

standard takes the advantage of the multi-carrier modulation scheme Orthogonal Frequency-

Division Multiplexing (OFDM) to rise the spectral efficiency, which demands high degree of 

linearity because of the variable signal envelope. LTE supports both Frequency Division 

Duplex (FDD) and Time Division Duplex (TDD) techniques with the wide range of 

frequency band from 0.4GHz to 4 GHz in addition to a wide number of channel bandwidth 

that allocated from 1.4 MHz to 20 MHz. 

This thesis presents the design and implementation of an RF front-end transmitter in UMC 

130nm CMOS technology intended for LTE applications. The proposed transmitter is 

composed of LC voltage-controlled oscillator (VCO), up-conversion mixer, and power 

amplifier (PA). The LC VCO is based on differential structure with cross-coupled NMOS 

transistors to achieve low phase noise and low power dissipation. Gilbert-mixer is adopted in 

this work because of its high conversion gain, good linearity, and good isolation at the cost of 

a small growth in the noise figure (NF) and the power consumption. In addition, a low-power 

consumption PA design is introduced in this thesis. The proposed PA consists of two stages, 

driver stage and power stage. The power stage uses a pre-distortion linearizer to improve the 

linearity.  The implemented transmitter provides a saturated output power of 23.1dBm with a 
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maximum power gain of 29.6 dB, a 21.5 dBm output 1-dB compression point, and a power 

dissipation of 172.5mw satisfying the requirements on LTE front end. In addition, a physical 

layout for the complete transmitter circuit is provided in this thesis with total area equals 

0.775mm*0.7mm.   



8 

 

Table of Contents 

Statement.................................................................................................................................... 2 

Curriculum Vitae ....................................................................................................................... 3 

Acknowledgment ....................................................................................................................... 4 

Published Papers ........................................................................................................................ 5 

Abstract ...................................................................................................................................... 6 

List of Tables ........................................................................................................................... 10 

List of Figures .......................................................................................................................... 11 

List of Abbreviations ............................................................................................................... 13 

Chapter 1 .................................................................................................................................. 16 

Introduction .............................................................................................................................. 16 

1.1. Overview ................................................................................................................... 16 

1.2. Radio Frequency (RF) Transmitter Architecture ...................................................... 16 

1.3. Thesis outlines ........................................................................................................... 17 

Chapter 2 .................................................................................................................................. 18 

LTE Transmitter: Architectures and Parameters ..................................................................... 18 

2.1. Long Term Evolution (LTE) ..................................................................................... 18 

2.2. LTE Frequency Bands ............................................................................................... 19 

2.3. The advantages of the LTE System........................................................................... 21 

2.4. Transmitter Fundamentals ......................................................................................... 22 

2.5. Transmitter Architectures .......................................................................................... 22 

2.5.1. Homodyne Transmitter (Direct-Conversion) Architecture ............................ 22 

2.5.2. Heterodyne Transmitter (Dual-Conversion) Architecture ............................. 23 

2.6. LTE Transmitter Performance Characteristics .......................................................... 24 

2.6.1. Output Power.................................................................................................. 24 

2.6.2. Gain ................................................................................................................ 24 

2.6.3. Linearity ......................................................................................................... 25 

2.6.3.1. Gain Compression ...................................................................................... 25 

2.6.3.2. Third-Order Intercept Point ........................................................................ 26 

2.7. Conclusion ................................................................................................................. 28 

Chapter 3 .................................................................................................................................. 29 

Direct-Conversion RF Transmitter Building Blocks: A Review ............................................. 29 

3.1. Voltage-Controlled Oscillator (VCO) ....................................................................... 29 

3.1.1. LC-Tank VCO Topologies ............................................................................. 29 

3.1.1.1. NMOS LC VCO ......................................................................................... 29 

3.1.1.2. PMOS Cross-Coupled ................................................................................ 30 



9 

 

3.1.1.3. Complementary LC VCO ........................................................................... 31 

3.2. Mixer ......................................................................................................................... 32 

3.2.1. Passive Mixer ................................................................................................. 33 

3.2.2. Active Mixer .................................................................................................. 33 

3.2.2.1. Single-Balanced Active Mixer ................................................................... 34 

3.2.2.2. Double-Balanced Active Mixer (Gilbert Mixer) ........................................ 34 

3.3. Power amplifier ......................................................................................................... 35 

3.3.1. Specifications of the PA ................................................................................. 35 

3.3.1.1. Output Power .............................................................................................. 35 

3.3.1.2. Power Gain/Voltage Gain ........................................................................... 36 

3.3.1.3. Efficiency .................................................................................................... 36 

3.3.1.4. Linearity...................................................................................................... 37 

3.3.1.5. Stability ....................................................................................................... 38 

3.3.2. Power Amplifier Classes ................................................................................ 38 

3.3.2.1. Linear Amplifiers ....................................................................................... 38 

3.3.2.2. Switching Amplifiers .................................................................................. 42 

3.4. Conclusion ................................................................................................................. 42 

Chapter 4 .................................................................................................................................. 43 

Active Front-End Transmitter Design ..................................................................................... 43 

4.1. Introduction ............................................................................................................... 43 

4.2. LC Voltage-Controlled Oscillator Design................................................................. 43 

4.2.1. VCO Simulation Results ................................................................................ 44 

4.3. Up-conversion Mixer Design .................................................................................... 46 

4.3.1. The Mixer Simulation Results ....................................................................... 47 

4.4. Power Amplifier Design............................................................................................ 50 

4.4.1. PA Simulation Results ................................................................................... 53 

4.5. Transmitter RF Front-End Design............................................................................. 57 

4.5.1. System Simulation Results ............................................................................. 57 

Chapter 5 .................................................................................................................................. 60 

Conclusions and Future Work ................................................................................................. 60 

5.1 Conclusions ............................................................................................................... 60 

5.2 Future Work .............................................................................................................. 61 

 


