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ABSTRACT

Hesham AbdEISalam 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-pus 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 um 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.



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 um 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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