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1 Introduction to the course.  Quantum noise, thermal noise, shot noise. E. O. Göbel. U. Siegner, The New International System of Units (SI), Wiley-VCH 2019

2 Flicker noise. Rothe-Dahlke model. Guarding & shielding. Noise 
temperature, noise factor and noise figure.

Various documents, to be listed later.
A book project: E. Rubiola, Phase Noise. 

3 Friisformula.  Noise Equivalent Power (NEP).  Analog meets digital.  Noise, 
errors and artifacts in ADCs and DACs.

A. Yariv, Optical Electronic in modern communications, Oxford.  Saleh-TeichPhotonics, Wiley.
C. E. Calosso, E. Rubiola, Phase Noise and Jitter in Digital Electronics, arXiv:1701.00094.

4 Fourier analysis and cross spectrum method.  A panorama of applications 
in numerous disciplines.

E. Rubiola, F. Vernotte, The cross-spectrum experimental method, arXiv:1003.0113
Does not cover the applications

5 Spectrum analyzer.  Lock-in amplifiers.  Time-to-digital and frequency-to-
digital converters.

A book project about TDC, FDC and related statistics.  J. Kalisz, Review of methods for time interval measurements 
with picosecond resolution, Metrologia41(1) p.17-32, 2004
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6 Clock signal, phase noise, and Allan variances E. Rubiola, F. Vernotte, arXiv:2201.07109.   A book project: E. Rubiola, Phase Noise
U. L. Rohde, E. Rubiola, J. C. Whitaker, Microwave and wireless synthesizers, Wiley 2021 (Ch.2)

7 Allan variance (cont.).  Experimental methods for the measurement of 
oscillators.

E. Rubiola, F. Vernotte, arXiv:2201.07109.  
U. L. Rohde, E. Rubiola, J. C. Whitaker, Microwave and wireless synthesizers, Wiley 2021 (Ch.2)

8 Bridge (interferometric method).  Phase noise in amplifiers and 
components.  PM/AM noise in digital systems (ADC, DAC, FPGA, DDS)

A book project: E. Rubiola, Phase Noise.   A few articles by E. Rubiola.
C. E. Calosso, E. Rubiola, Phase Noise and Jitter in Digital Electronics, arXiv:1701.00094.

9 The Leesoneffect. i.e., the originof noise in oscillatorsand lasers E. Rubiola, Phase noise and frequency stability in oscillators, Cambridge 2010 

10 The Pound DreverHall frequencycontrol for the stabilizationof 
RF/microwaveoscillatorsand lasers.

A book project: E. Rubiola, The Pound DreverHall Frequency Control
Eric D. Black ED, An introduction to PoundςDreverςIŀƭƭΧΣ Am J Phys69(1) January 2001
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11 Uncertainty.  International coordination of metrology.  The new SI, in 
force May 20, 2019.

International Vocabulary of Metrology VIM and several BIPM documents about the coordination of Metrology.  
Everything is free on the BIPM web site.

12 The SI units of time and length. BIPM, The International System of Units 9th ed, 2019.
F. Riehle, Frequency Standards, Wiley-VCH 2004

13 The SI units of length (cont.) and mass. Introduction to electrical units. BIPM, The International System of Units 9th ed, 2019.  
E. O. Göbel. U. Siegner, The New International System of Units (SI), Wiley-VCH 2019

14 Quantum electrical standards and practical electrical references. BIPM, The International System of Units 9th ed, 2019.  
E. O. Göbel. U. Siegner, The New International System of Units (SI), Wiley-VCH 2019

15 Temperature, fundamental and practical stuff.  (Skip the mole).  Candela 
and radiometric/photometric units (quite short).  Goodbye.

BIPM, The International System of Units 9th ed, 2019.
E. O. Göbel. U. Siegner, The New International System of Units (SI), Wiley-VCH 2019
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The contents originates from
ωMȅ ǘǳǘƻǊƛŀƭǎ ŀǘ ƛƴǘΩƭ ŎƻƴŦŜǊŜƴŎŜǎ ŀƴŘ Ƴȅ ƭŜŎǘǳǊŜǎ ŀǎ ŀ ƎǳŜǎǘ ǎŎƛŜƴǘƛǎǘ ƛƴ 
in other labs

ωLong term interests in the foundation of metrology

ωLab experience which does not fit elsewhere

Formally, a series of lectures for PhD students

In practice, open to everybody

No need to be a university student

Mandatory e-mail registrationat

doctorat [at] ubfc [dot] fr

(replace [dot] and [at] as appropriate, and remove spaces)
They are instructed to accept everybody
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Please fill the online inquiry 5

ÅMandatory for the validation of your training

ÅBest done immediately after you receive the link 
from the PhD School

ÅShould take 10 M



Phase Noise and Frequency Stability in Oscillators

Contents

ÅForewords (L. Maleki, D. B. Leeson)

ÅPhase noise and frequency stability

ÅPhase noise in semiconductors & amplifiers

ÅHeuristic approach to the Lesoneffect

ÅPhase noise and feedback theory

ÅNoise in delay-line oscillators and lasers

ÅOscillator hacking

ÅAppendix

6

Cambridge University Press, November 2008
ISBN 978-0-521-88677-2 hardback
ISBN 978-0-521-15328-7 paperback
ISBN 978-1-139-23940-0 eBook
ISBN 978-7-03-041231-7 Simplified Chinese



Microwave and Wireless Synthesizers

Contents

1. Loop Fundamentals

2. Almost All About Phase Noise

3. Special Loops

4. Loop Components

5. Digital PLL Synthesizers

6. A High-Performance Hybrid 
Synthesizer 

7. Appendices

7

U.L.Rohde, E.Rubiola, J.C.Whitaker
Microwave and Wireless Synthesizers
John Wiley & Sons, April 2021
ISBN 978-1-119-66600-4, 



European Frequency and Time Seminar

Full week crash course, 
with lectures and labs

With some good luck, 
there will be a real 
seminar with lab 
sessions, and online 
lectures too


