
 

 

AIN SHAMS UNIVERSITY 

FACULTY OF ENGINEERING 

Electronics and Communications Engineering Department 

 

Design of Low Power CMOS Direct Digital 

Frequency Synthesizer 

A Thesis 

Submitted in partial fulfillment of the requirements of the degree of  

Master of Science in Electrical Engineering 

 

Submitted by  

Hesham AbdElSalam Ahmed Omran 

 

B.Sc. in Electrical Engineering 

(Electronics and Communications Engineering) 

Ain Shams University, 2007 

 

Supervised By 

Prof. Dr. Magdi Mahmoud Ibrahim 

Prof. Dr. Khaled Wagih Sharaf 

 

 

Cairo, 2010 





 i 

AIN SHAMS UNIVERSITY 

FACULTY OF ENGINEERING 

Electronics and Communications Engineering Department 

Examiners’ Committee 

Name: Hesham AbdElSalam Ahmed Omran 

Thesis: Design of Low Power CMOS Direct Digital Frequency Synthesizer 

Degree: Master of Science in Electrical Engineering 

 

Title, Name and Affiliation Signature 

Prof. Dr. Serag El-Deen Habeeb 

Cairo University, 

Faculty of Engineering, 

Electronics and Communications Engineering Dept. 

 

 

………… 

Prof. Dr. Hisham Haddara 

Ain Shams University, 

Faculty of Engineering, 

Electronics and Communications Engineering Dept. 

 

 

………… 

Prof. Dr. Magdi Mahmoud Ibrahim 

Ain Shams University, 

Faculty of Engineering, 

Electronics and Communications Engineering Dept. 

 

 

………… 

Prof. Dr. Khaled Wagih Sharaf 

Ain Shams University, 

Faculty of Engineering, 

Electronics and Communications Engineering Dept. 

 

 

………… 

 

Date:    /09/2010 



 ii 

STATEMENT 

This dissertation is submitted to Ain Shams University for the degree of 

Master of Science in Electrical Engineering (Electronics and 

Communications Engineering). 

The work included in this thesis was carried out by the author at the 

Electronics and Communications Engineering Department, Faculty of 

Engineering, Ain Shams University, Cairo, Egypt. 

No part of this thesis was submitted for a degree or a qualification at any 

other university or institution. 

 

Name: Hesham AbdElSalam Ahmed Omran 

Signature:  

Date: 



 iii 

Curriculum Vitae 

Name of Researcher Hesham AbdElSalam Ahmed Omran 

Date of Birth 12.Jan.1985 

Place of Birth Egypt 

First University Degree B.Sc. in Electrical Engineering 

Name of University Ain Shams University 

Date of Degree June 2007 

 



 iv 

ßß ßß‰‰‰‰ ôô ôôϑϑϑϑ yy yyssss øø øø9999 $$ $$#### ¬¬ ¬¬!!!! ÅÅ ÅÅ __ __UUUU uu uu‘‘‘‘ šš šš ÏÏ ÏÏϑϑϑϑ nn nn====≈≈≈≈ yy yyèèèè øø øø9999 $$ $$####  

ACKNOWLEDGEMENT 

All praise is due to ALLAH, Lord of the worlds, The Most Merciful, 

Whose help and bounties are ever dominating throughout my life. If it were 

not for ALLAH’s help and mercy, I would have never been able to complete 

this work and write these words. 

My deep gratitude then goes to my family. I would like to express my 

deepest love, appreciation, and gratitude to my parents, whom I do not know 

how to reward. Their love, care, dedication, and support cannot be described 

in words. I would like to thank my brothers Ahmed and Haitham for their 

encouragement and support. Special thanks for Haitham for his nice 

companionship in the Master’s period and for introducing me to Lyx. 

I would like to thank my supervisors Prof. Dr. Magdi Ibrahim and Prof. 

Dr. Khaled Sharaf for their help and support. My deep thanks go to Dr. 

Khaled Sharaf for his advice, ideas, hints, and guidance. 

I would like to thank all my younger colleagues in the Integrated Circuits 

Lab (ICL) for their useful discussions, encouragement, and their noteworthy 

support with CAD tools. Special thanks for Ahmed ElKouly for his valuable 

technical discussions. It is worth noting that Chapter 5 was triggered by a hint 

from Ahmed in one of these discussions. Of course I can not forget my elder 

colleagues and friends in ICL, especially Ahmed Ashry, Mohamed ElBadry, 

and Ayman Osama. Although thousands of kilometers away, they did not 

hesitate to offer their help through e-mail and during their vacations. 

I would like to thank my colleagues in SWS, especially Bassem Zaki, 

Mohamed ElKouly, and Nabil Sinoussi. Special thanks for my dear 

managers: Dr. Amr Hafez and Dr. Amr Wassal. 

I would like to thank my friend Mohamed Omar for the great effort he 

made in reviewing the thesis and for his help with Cadence tools. Many 

thanks go to my B.Sc. graduation project colleagues (OFDMers) for 

providing me with Xilinx FPGA kit. My deep appreciation goes to the thesis 

reviewing team: Ahmed ElKouly, Ahmed Mokhtar, Mohamed AbdElHakim, 

Mohamed Hafez, and Mohamed Weheiba. 



 v 

ABSTRACT 

Hesham AbdElSalam Omran, Design of Low-Power CMOS Direct Digital 

Frequency Synthesizer, Master of Science thesis, Ain Shams University, 

2010. 

 

In this thesis, the design of low-power direct digital synthesizer is 

investigated. The continuous down scaling of minimum feature size in 

CMOS technology allowed whole systems to be implemented on a single 

chip. These systems incorporate different blocks that require unrelated clock 

signals with certain frequencies. This raises the need for a frequency 

synthesis architecture with fine resolution and low-power consumption that 

can be integrated in modern deep-submicron digital CMOS technologies. 

After a brief overview on different frequency synthesis architectures, 

phase interpolation direct digital synthesizer (DDS) is thoroughly discussed 

as the main architecture highlighted in the thesis.  

An implementation of phase interpolation DDS suitable for FPGA 

environment is presented. The synthesizer is fully implemented on FPGA and 

does not require any external analog components, while achieving sub-Hz 

tuning resolution and sub-µs switching time. Experimental measurements 

validate system operation with spurious free dynamic range (SFDR) greater 

than 40 dB. 

A DDS-based architecture for jitter-free fractional divider is proposed. 

Mathematical analysis is provided in addition to simulation results. The 

design is implemented on FPGA to verify its operation. Measurement results 

are presented. 

An architecture targeted for ASIC implementation is also presented. The 

design is implemented in 0.13 µm CMOS technology. In addition to being 

fully monolithic, the design achieves low-power and fine resolution. The 

design can also be extended to provide multi-channel operation. 

 

Key words: Direct digital synthesizer (DDS), clock generator, fractional 

divider, phase interpolation, field programmable gate array (FPGA), CMOS, 

low-power. 
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SUMMARY 

This thesis demonstrates the design of phase interpolation direct digital 

synthesizer (DDS). The thesis is in seven chapters, organized as follows: 

Chapter One serves as an introduction. The concept of frequency 

synthesis is introduced together with the main specifications of a frequency 

synthesizer. The chapter further illustrates the motivation for the thesis and 

the thesis outline is presented. 

Chapter Two contains a brief overview of different frequency synthesis 

architectures. The concept of direct and indirect synthesis is introduced. The 

advantages and disadvantages of each architecture are discussed. 

Chapter Three provides a detailed discussion of phase interpolation 

direct digital synthesizer (DDS), which is the architecture highlighted in this 

thesis. The idea of operation from both time domain and frequency domain 

perspectives is presented. A detailed literature survey is then done on 

different implementation approaches pointing out their pros and cons. 

Chapter Four presents an implementation of phase interpolation DDS on 

FPGA. After a short overview on FPGA technology, the system architecture 

and blocks are described. Simulation and measurement results in both time 

domain and frequency domain are discussed. 

Chapter Five introduces a DDS-based architecture for a jitter-free 

fractional divider. The basic idea is illustrated and simulation results are 

presented. The design is implemented on FPGA and measured in lab. 

Chapter Six introduces an ASIC implementation of a phase interpolation 

DDS in 0.13 µm CMOS technology. The design incorporates a phase locked 

loop (PLL). Both system and circuit design levels of the PLL are presented. 

The design of a digital-to-time converter (DTC) is also presented. 

Chapter Seven contains final conclusions. The work discussed in this 

thesis is compared with work published in the literature. Some ideas for 

future work are then suggested. 
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