
Summary

�
SCILLATORS are key building blocks in integrated transceivers. Given the wide
range of applications of wired and wireless transceivers, oscillator specifications

differ greatly for each transceiver. The challenge for the oscillator designer is to find
the right oscillator topology and to dimension it in a limited time, so that the oscillator
design meets the requirements imposed by the transceiver in which it is embedded. This
thesis describes the research, the analysis and the application of existing and new design
insights, design methods and design tools, which shorten the design time for a wide range
of integrated high-frequency oscillators and improve their performance cost ratio.

After a compact literature overview and a description of the application of oscilla-
tors in integrated transceivers, basic oscillator theory is reviewed, extended and illus-
trated by means of simulations and examples. A classification of oscillators is proposed,
based on their implementation principle. Oscillators commonly used in transceivers have
a prominent place in this classification. These include: single-phase LC oscillators, multi-
phase LC oscillators, and ring oscillators. Analysis and design of these oscillators form
the core of this thesis. The design process of analog circuits, specifically oscillators,
is investigated, and a structured design approach is proposed that is based on figures
of merit (FOM). Starting point of the oscillator design trajectory is a well-defined and
well-determined set of specifications. Therefore, a chapter is dedicated to oscillator spec-
ifications, clarified by calculation examples. Next, elementary and practical properties
of the mentioned oscillator types are investigated and analyzed. Some highlights of these
investigations are closed-form expressions for the phase noise of linear models of all men-
tioned oscillator types, insight into how N-stage LC oscillators must be coupled for op-
timum phase-noise performance, and three integrated oscillator designs, which illustrate
the discussion of oscillator properties.

Based on the in-depth analysis of oscillator properties, a number of FOMs are defined
in this thesis. These “design FOMs” show how FOMs can aid the oscillator designer to
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make important design decisions, such as rapid topology selection in an early stage of
the design process. In addition, several FOMs for benchmarking of oscillators, referred
as “benchmark FOMs”, are defined and illustrated by comparing a number of realized
oscillator designs.

Simulation is an important aspect of high-frequency oscillator design. Especially a
fast phase-noise assessment is of interest to the oscillator designer. An novel phase-noise
simulation tool is therefore described, based on standard AC-noise analysis. It can be used
to obtain a quick estimate of the phase-noise performance of an oscillator, as well as for
verification of linear phase-noise theories. Four state-of-the-art (at the time of publication)
integrated oscillator designs –two LC oscillator and two ring oscillators– ranging from
200 MHz to 11.5 GHz complete this thesis. Especially the new circuit topology of a
two-stage 9.8–11.5 GHz ring oscillator with active collector inductances, is a highlight.

Over two hundred carefully selected conference papers, articles, books and theses,
referenced throughout the thesis, provide an excellent overview of most interesting liter-
ature on oscillator design. Realized and measured LC and ring oscillators have each been
given separate bibliographies. For both types of oscillators, tables with most important
performance parameters, such as frequency, tuning range, ��� fm � , power dissipation and
technology, are presented in Appendices G and H.


