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You see, wire telegraphy is a kind of very, very long cat. You pull his tail in
New York and his head is meowing in Los Angeles. Do you understand
this? And radio operates exactly the same way: you send signals here; they
receive them there. The only difference is that there is no cat.

Albert Einstein, 1879-1955
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ABSTRACT

The scope of this thesis is to propose solutions to improve the performances of the CMOS
transistor only simulated inductors (TOSI) aiming RF filtering applications. We are interested in
TOSI architectures because they prove better performances than the classical gn—C filters,
being superior with respect to the number of transistors, power consumption, frequency
capability and chip area. Furthermore, TOSI architectures have many potential applications in
RF design.

In the general context of the multi-standard trend followed by wireless transceivers, TOSI
based RF filters may offer the possibility of implementing reconfigurable devices. However,
satisfying the telecommunications requirements is not an easy task therefore high order TOSI
based filters should be implemented. Consequently, using good second order TOSI cells is a
matter of the utmost importance and we propose a novel quality factor tuning principle which
offers an almost independent tuning of self resonant frequency and quality factor for simulated

inductors. An improved TOSI architecture with increased frequency capability is also reported.
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1. INTRODUCTION

1.1 Motivation

The telecommunications market requirements and continuous technology
development impose a continuous research for both baseband and RF transceiver sides.
During the last three decades, telecommunications transceivers evolved from entirely
analog 1G terminals (AM and FM transmitters) to multistandard wireless devices with
mixed digital baseband — analog front—end parts, the fourth generation (4G) being
expected. On the transceiver side, the filtering part (active and passive) had an important
contribution to the transceiver reconfigurability and smaller size. However, if the analog
baseband filtering does not impose problems in implementing reconfigurable terminals,
the RF passive filtering still represents a challenge. Thus, the surface acoustic wave
(SAW) RF filters used in any wireless transceiver are external, bulky and offer no
frequency tuning opportunity therefore, decreasing the customer satisfaction degree
against size and device portability. Although SAW filters are cheap, the final cost for a
multi-standard terminal is greatly increased since at least 8 such filters are used for
different filtering operations. Many passive (MEMS), pseudo—passive (Q—enhanced LC)
and active (gn—C) solutions have been proposed until now in literature but no one can
beat the excellent frequency performances offered by the SAW filters. A promising small
size, low power entirely active implementation makes use of transistor only simulated
inductors (TOSI) which have the main benefit of being reconfigurable devices. These

architectures are addressed in this research.

1.2 Thesis Outline

The content of this thesis, presented in a very concise form, covers three different
topics as follows.

Since filtering in telecommunications is envisaged, Chapter 2 is entirely dedicated to
the telecommunications field. The first section is a brief description at basic level (due to
size constraints) of telecommunications standards, covering frequencies up to 5 GHz.
The interest in this regard are the frequency allocation and attenuation requirements for
particular applications since these represent key aspects for the RF filtering design. Other

standard specifications regard different transceiver blocks, like the modulation scheme

5



which becomes important for the power amplifier design but also the low noise amplifier.
An overview of the wireless transceiver architectures is presented in the second section.
Since hundreds of papers and tens of books have been reported in literature covering the
transceiver architectures and design, an overview of RF transceivers is beyond the scope
of this thesis. Only a concise, clear and up to date review of RF transceivers in a form that
synthesizes the relevant information from a great number of sources but also describe the
current multi-standard trend is given.

Chapter 3 covers the gyrator concept and is intended to be a ‘state of the art’
regarding the concept of ‘transistor only simulated inductor’. All TOSI architectures
reported in literature and mentioned in this thesis envisage applications in the GHz range
thanks to their frequency capability. These capacitorless simulated inductors represent
promising architectures for RF filtering applications and not only, since their successful
use in implementing CCOs, LNAs and bandpass amplifiers has been reported in
literature.

A more detailed insight into CMOS simulated inductors is provided in Chapter 4
where the TOSI frequency behavior is addressed. The main contributions for this
research are presented in this final chapter.

A final conclusion is drawn at the end of this thesis in Chapter 5.



