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Abstract

Advances in Silicon Germanium (SiGe) Bipolar Complementary Metal Oxide Semiconduc-
tor (BiCMOS) technology has caused a recent revolution in low-cost Monolithic Microwave
Integrated Circuit (MMIC) design.

This thesis presents the design, fabrication and measurement of four MMICs for frequency
synthesis, manufactured in a commercially available IBM 0.18um SiGe BiCMOS technology
with f; = 60GHz. The high speed and low-cost features of SiGe Heterojunction Bipolar
Transistors (HBTs) were exploited to successfully develop two single-ended injection-lockable
15GHz Voltage Controlled Oscillators (VCOs) for application in an active Ka-Band antenna
beam-forming network, and a 24GHz differential cross-coupled VCO and 1/6 synchronous
static frequency prescaler for emerging Ultra Wideband (UWB) automotive Short Range
Radar (SRR) applications.

On-wafer measurement techniques were used to precisely characterise the performance of each
circuit and compare against expected simulation results and state-of-the-art performance

reported in the literature.

The original contributions of this thesis include the application of negative resistance theory
to single-ended and differential SiGe VCO design at 15-24GHz, consideration of manufactur-
ing process variation on 24GHz VCO and prescaler performance, implementation of a fully
static multi-stage synchronous divider topology at 24GHz and the use of differential on-wafer

measurement techniques.

Finally, this thesis has illustrated the excellent practicability of SiGe BiCMOS technology in
the engineering of high performance, low-cost MMICs for frequency synthesis in millimeter-

wave (mm-wave) devices.

Page xvii



Page xviii



Statement of Candidate

I certify that the work in this thesis entitled “Low-cost SiGe Circuits for Frequency Synthesis
in Millimeter-wave Devices” has not previously been submitted for a degree nor has it been
submitted as part of requirements for a degree to any other university or institution other

than Macquarie University.

I also certify that the thesis is an original piece of research and it has been written by me.
Any help and assistance that I have received in my research work and the preparation of this

thesis itself have been appropriately acknowledged.

In addition, I certify that all information sources and literature used are indicated in this

thesis.

The research presented in this thesis has not required the approval of Macquarie University

Ethics Review Committee.

Meatlocd

Signed

Adam Lauterbach (40595447)

Name

30 June 2009

Date

Page xix



Page xx



Acknowledgments

Firstly I would like to thank Dr Neil Weste for encouraging me to undertake the original
research task at Macquarie University and my acting supervisor Prof Karu Esselle who has
overseen this thesis to completion. Special thanks to Dr Jeffrey Harrison for graciously
advising on and reviewing the technical content. I acknowledge the efforts of the Higher
Degree Research staff, in particular Agnieszka Baginska and the opportunities provided by
Macquarie University through various funding grants. Thanks also to my fellow researchers
James Howarth and Michael Boers for their friendship and support during my time at Mac-

quarie.

A debt of gratitude is owed to my supervisors Dr Frank Ellinger and Prof Heinz Jackel and
colleagues David Barras, Silvan Wehrli, George von Biiren, Lucio Rodoni, Hannes Grubinger
and Jorg Carls of the Institute for Electronics at the Swiss Federal Instituted of Technology
Zirich. Without their generosity, knowledge and assistance the design and fabrication of the

presented integrated circuits would not have been possible.

I thank the Swiss Federal Commission for Scholarships for Foreign Students for the opportu-
nity of a lifetime. The academic and cultural experiences and international friendships gained
during my time in Switzerland have been instrumental in my success through the challenges
and remain invaluable memories and contacts. In particular I thank Elisabeth Schniderlin
for her organisation and kind consideration making the logistics of living in Switzerland as a

foreign student less of a burden.

Many thanks to family and friends who have given me the encouragement and strength needed
throughout. To my Alexandra, every moment with you has been a true blessing. You have
sacrificed as much as I for this thesis - thank you for your patience, love and understanding.

The prospects of our future together have been my inspiration.

Finally, I thank the Lord for giving me the determination to persist through my own doubts.
He has opened my eyes to the depth of the support and generosity offered by those around

me and I pray for the opportunity to do the same in return.

Page xxi



Page xxii



