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ABSTRACT

Pulse frequency modulation (PFM) is one of a number of pulse time modulation (PTM)
techniques which is suitable for the transmission of video or TV signals through optical
fibre. Although several PFM transmission systems have been reported over the past few
years, those available commercially usually consist of several components. This thesis
describes the design of a novel single chip PFM modulator implemented in 2.4 pm
CMOS technology. Various design approaches are considered together with a review of
circuit and silicon implementation techniques. The fabricated integrated circuit (IC)
matches or exceeds the performance of PFM modulators built with commercially
available components.

The performance of the design is strongly dependent upon its IC layout. A theoretical
analysis of the relationship between the folding grade of a transistor and its parasitic
_capacitances has been undertaken. Novel equations are developed which enable to
trade-off design shape against parasitic capacitance. = The lowest drain/source
capacitance is always achieved at a folding grade of two regardless of the transistor
width to length ratio. The equations developed also show that even folding grades
generally achieve a lower parasitic capacitance than odd folding grades.

Performance tests on prototype ICs have shown that the measurement equipment
introduces significant capacitive loading. A novel approach of calculating this
capacitive loading from transient measurement results is described.

The designed IC was extensively tested in a practical transmission system comprising
modulator and demodulator and results of both quantitative and qualitative
measurements are reported. At a carrier frequency of 32 MHz and a modulating input
signal amplitude of 1 V, the circuit achieves a harmonic and non-linear distortions of
-37.87 dB and -56 dB, respectively. These values compare favourably with published
results of PFM systems. Further in system tests confirmed that the IC developed is well
suited for the transmission of high quality still and moving pictures.

The IC was only compared with the VCO circuits available commercially (Plessey
SP1658 and TI SN74S124) since VCOs are the main building block of a PFM
modulator and single chip versions are not currently available. Results of the
comparison show that the performance of PFM modulators, based on those VCOs, is
inferior to the designed circuit whilst requiring a much higher power dissipation. The
power dissipation of the designed circuit is 47.5 mW compared to 165 mW and
525 mW for the SP1658 and SN74S124, respectively. Due to the much reduced power
dissipation, almost no heat is dissipated from the designed circuit. When operated at its
maximum frequency (~ 40 MHz) the temperature of the IC was found to be only 3°C
above room temperature.
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CHAPTER 1

INTRODUCTION




1 INTRODUCTION

Since the invention of the electric telegraph in the 1830s communication engineering
has revolutionised the way our society is exchanging information. All the early
telegraph systems relied on electrically conductive wire connections between
information source and destination. =~ Wireless (radio) communications were
demonstrated in England towards the end of the last century. The invention of the
vacuum diode and later the vacuum triode had a major impact on the development of
wireless communications. The subsequent development of semiconductors in the form
of initially the transistor and later the integrated circuit (IC) has further revolutionised

communication systems.

The modern day requirements for large volumes of information transfer has lead to
demands for increasingly greater bandwidth transmission channels. For wireless
communications this is achieved by increasing the carrier frequencies into the Gigahertz
range but this may not be practicable for certain applications due to the increased system
cost. Optical fibre, however, provides also the necessary transmission medium for wide
bandwidths. Nowadays, with optical fibres having an attenuation of less than 1 dB/km
very large distances can be covered and transmission rates of more than 1 Gbits/sec can

be achieved.

Early optical fibre communication systems used either purely analogue or digital
modulation techniques. Analogue modulation techniques could not deliver the required

signal-to-noise ratio (SNR) over long distances and were effected by non-linearity



associated with the optical transmission. Digital techniques could overcome these
problems but required more hardware and were not bandwidth efficient. In addition,
television (TV) signals required a very high data rate and resulted in high costs for fast
digital transmission and switching circuitry. In the mid 1970s and early 1980s pulse
time modulation (PTM), based on work published in 1947 [Cooke ef al., 1947] received
a renewal of interest. PTM characteristics are intermediate between purely analogue or
digital implementations. Since the form of the modulated carrier is similar to a binary
pulse pattern the received signal is not effected by optical source and channel non-
linearities and can be routed through logic circuitry. In addition, no analogue to digital
conversion is necessary reducing the system’s cost. It has been shown that this
technique can deliver a better SNR than purely analogue modulation while maintaining

a better spectrum efficiency than purely digital techniques [Wilson et al., 1995].

Several PTM techniques have emerged over the years and been proven to be suitable for
transmitting various kind of signals. Pulse position modulation (PPM) and pulse width
modulation (PWM) have been proven by Holden [197.5], Dibiase [1987] and Tanaka,
Okamura [1991]. Other modulation techniques include pulse interval (PIM) and pulse
interval and width modulation (PIWM) [Wilson et al., 1992]. Pulse frequency
modulation (PFM) and square wave frequency modulation (SWFM) have, in particular,
been shown to be ideal for the transmission of TV and high definition TV (HDTV)

signals over optical fibre [Heatley, 1982; Wilson et al., 1991; Li et al., 1992].

The development of ICs has contributed significantly to advances in communication

systems. The evolution of ICs is almost unparalleled by any other engineering



discipline. The first integrated circuit was developed only 40 years ago and comprised a
few transistors. Today, ICs containing 5 million transistors per chip are widely
available. The development of IC design is characterised by ever increasing
miniaturisation and functionality on one single chip. The physical size of modulation
and demodulation circuits, for example, has shrunk with the increasing complexity of

ICs.

This thesis investigates possible designs and the implementation of a CMOS single chip
pulse frequency modulator. Design approaches are considered together with a review of
circuit and silicon implementation techniques and novel solutions are determined and

comparisons of simulated and practical performance given.

In Chapter 2 pulse time modulation techniques are introduced. General characteristics of
each PTM scheme are given and modulation and demodulation techniques are
presented. PWM, PPM, PFM and SWFM are compared with regard to non-linear
distortion (NLD), harmonic distortion (HD) and signal-to-noise ratio performance.
Reasons are given why PFM is a preferred modulation scheme for transmission of video

or TV signals. The chapter concludes with more detailed theoretical aspects of PFM.

An overview of integrated circuit design is given in Chapter 3. Silicon IC technologies
are compared and reasons are given for selecting CMOS as the preferred technology for
implementing the PFM modulator. Furthermore, IC design methodologies are
introduced and an overview of custom IC design is given. This is followed by a

summary of the available IC technologies through EUROCHIP/EUROPRACTICE with



a performance evaluation of the Alcatel MIETEC 2.4 pum CMOS technology. This

chapter concludes with a short introduction to the design environment employed.

Chapter 4 introduces full-custom IC layout with regard to CMOS technologies. The
performance of folded MOS transistor layouts is theoretically analysed and the
relationship between folding grade of the MOS transistor and important parasitic
capacitances is investigated. Equations are given which allow the designer to trade-off
design shape of the transistor and value of parasitic capacitances associated with the
transistor and its IC layout. The importance of component matching in IC layouts is also
discussed. Extraction of parasitic elements from the layout information is presented
together with a brief evaluation of two different software extraction tools. During that
investigation, it was found that one of the extraction tools, Mentor Graphic's IC Extract,

had a faulty software routing calculating parallel resistivity.

The PFM modulator circuit design and description is given in Chapter 5 with subcircuit
implementations, simulations and measurements presented in Chapter 6. Chapter 6 also
investigates the accuracy of the SPICE transistor models provided. Furthermore, the
capacitive loading of prototyping ICs by measurement equipment is investigated and a
novel approach is described which allows the determination of this loading from

transient measurement results.

Chapter 7 presents the final PFM modulator implementation. Results of measurements
taken on the fabricated IC were used to determine its performance and suitability for

transmission of video or TV signals. These measurements included time measurements



to determine pulse width and quality of transmitted signals, spectral measurements to
determine spectral overlap, harmonic distortion and linearity and qualitative
measurements to determine the system performance for video transmission. Differences
between simulated and measured results are discussed. A comparison between the
designed IC and commercially available PFM modulators is also carried out. This

chapter concludes with the designed IC specification.

Conclusions resulting from the work undertaken are presented in Chapter 8 together

with suggestions for future work.



CHAPTER 2

PULSE TIME MODULATION TECHNIQUES























































































































































































































































































































































































































































































































































































































































