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La Clairvoyance

The painting “La Clairvoyance” of the Belgian artist Rene Magritte can be viewed
as an intriguing, captivating, and eye-catching picture symbolizing the book’s
purpose: to provide the reader with all the ingredients required for extracting the
full potential of the microwave de-embedding concept from its theoretical back-
ground (i.e., the egg) to recent applications (i.e., the bird) like waveform engineering.
The de-embedding concept allows accessing the behavior of the actual device and
then predicting (i.e., La Clairvoyance) its performance to design amplifiers.

© ADAGP, Paris and DACS, London 2013.



Foreword

The very title of this book, Microwave De-Embedding: From Theory to Applications
brings to me some memories from my early research career. When I started working
at Politecnico di Torino on active microwave device physics-based modeling (that
was, alas, more than 30 years ago), on-wafer measurements were hardly available
and the measured scattering parameters were in package or with coaxial text fixtures.
At that time, I was doing physics-based 2D simulations of gallium arsenide
metal—semiconductor field effect transistors (GaAs MESFETs), and the simulated
scattering parameters I was deriving from the frequency-domain solution of the linear-
ized continuity and Poisson equations were no match at all with the measured ones. This
was causing me considerable puzzlement and distress: Why did the simulated Sy look
so regular, while the measured one had sudden wiggles when plotted on the Smith
chart? Not to speak of the vagaries of (however small) Sy2, one of the keys to transistor
stability. For my senior, and now happily retired, colleague in charge of the measure-
ments, the explanation was simple enough: What I was simulating was (more or
less) the intrinsic device, the unobservable core of transistor operation; to obtain
a fair comparison, I should shift the reference planes and de-embed the test fixtures.

I went on to apply this wise recipe by embedding the simulated S parameters into
a network of intrinsic parasitics; then I added pad capacitances, and after this I added
low-pass sections simulating the test fixtures and some transmission lines for
plane shift.... Finally, I tried to optimize the resulting network in order to get back
the measured S parameters. The FORTRAN code implementing gradient optimization
was slow, there were too many parameters to optimize, and the program was running on
a PDP-11 DEC computer with a hard disk as large as 500 Mbytes (or so, I recollect)—
all those factors made the optimization painful, but, in the end, I got, after (too) many
false starts, an embedding network that gave me back, starting from the simulated data,
the measured ones. Was that the right one? Nobody knows, but it looked reasonable.
A few years later, with the advent of on-wafer probes and cold-FET parasitic character-
ization techniques, the situation improved dramatically—finally, measurements
matched simulations (and not, mind you, the other way round...).

This is to say that reading through the table of contents of Microwave De-
Embedding: From Theory to Applications had a sort of Proustian madeleine effect
on me—although I never had to do measurements myself; modeling and simulation
was my field. To quote from Chapter 1, “To de-embed properly...is a work of art that
requires knowledge and experience”—a sentence that I can fully endorse. The
concept of embedding and de-embedding is indeed shown, through a series of inter-
esting and informative chapters, to be far richer than the simple “mathematical shift
of reference planes” (see Chapter 1, A Clear-Cut Introduction to the
De-embedding Concept: Less is More by G. Crupi, D. Schreurs, and A. Caddemi),
that is, transmission line embedding or de-embedding. De-embedding concerns
the removal of linear parasitics that can be directly measured not only through
cold-transistor techniques but also (and more conveniently, in technologies, with
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lossy or complex substrates) by characterizing dummy text structures developed ad
hoc, not to mention the possibility of deriving their parameters through accurate EM
solvers, ultimately obtaining integrated transistor models that can be effectively
scaled (see Chapter 4, High-Frequency and Microwave Electromagnetic Analysis
Calibration and De-embedding by J. C. Rautio and Chapter 8, Electromagnetic-Anal-
ysis-Based Transistor De-embedding and Related Radio-Frequency Amplifier Design
by M. Yarlequé, D. Schreurs, B. Nauwelaers, D. Resca, and G. Vannini). However, de-
embedding can be extended to the inclusion or exclusion of nonlinear parasitics within
the framework of waveform-based measurements, see Chapter 5, Large-Signal Time-
Domain Waveform Based Transistor Modeling by 1. Angelov, G. Avolio, and
D. Schreurs, and Chapter 6, Measuring and Characterizing Nonlinear Radio-
Frequency systems by W. Van Moer, L. Lauwers, and K. Barbé), ultimately becoming
a circuit design tool (see Chapter 9, Nonlinear Embedding and De-embedding: Theory
and Applications by A. Raffo, V. Vadala, and G. Vannini). Embedding and de-embed-
ding also enter noise characterization, as discussed in Chapter 2, Millimeter-Wave
Characterization of Silicon Devices Under Small-Signal Regime: Instruments and
Measurement Methodologies by G. Dambrine (a chapter that is a really nice and
self-contained introduction to microwave measurements) and Chapter 3, Character-
ization and Modeling of High-Frequency Active Devices Oriented to High-Sensitivity
Subsystems Design by E. Limiti, W. Ciccognani, and S. Colangeli. Embedding and de-
embedding pervasively enters not only gray-box or equivalent circuit modeling but
also black-box or behavioral modeling, as discussed in Chapter 7, Behavioral Models
for Microwave Circuit Design by J. C. Pedro and T. R. Cunha, again an excellent and
self-contained introduction to black-box modeling at large.

Devoting a book to a very specific subject like microwave de-embedding is like
visiting a historical city (Turin, for instance...) in search of a particular architectural
item (say, baroque churches). There are lots of baroque churches in Turin, so the
visitor is not to be disappointed, but going through the streets and the piazzas the
visitor will see a lot of other artistic items and also will stop here and there to rest
and to eat some local delicacy, or will go through the same quarters again and again
seeing monuments he or she is already familiar with, maybe each time from a different
angle. But let us go back to the real subject, microwaves; a book on de-embedding is
ultimately bound to include a wealth of important topics in microwave modeling and
design, but all of them see from a certain perspective and are endowed with a certain
distinctive flavor. In this respect, the editors (Giovanni Crupi and Dominique
Schreurs) and all the authors have done an excellent job in assembling this book,
which has the quality of being, so to speak, both specific and inclusive (shall I say
broadband?). 1 would recommend it to all researchers working in the evergreen and
fascinating field of active microwave and millimeter wave device modeling.

Giovanni Ghione

Dipartimento di Elettronica e Telecomunicazioni
Politecnico di Torino

July 2013



Foreword

The problem of measurement calibration has always been with us. Before the days
of computer-controlled instrumentation, it was inevitably a manual process: measure
the input and output losses and correct the measurements manually. For a vector
measurement, the best one could usually do was to insert a short circuit at some
convenient point, adjust the reflectometer to indicate a short circuit, and correct
the measurements to put the reference plane where it was really needed. This process
simply was not good enough to obtain, for example, scattering parameters of tran-
sistors for use in circuit design. The accuracy fell short of what was required, and
the laborious process made the cost of characterizing a device or component far
too great.

With the advent of small computers in the late 1970s and early 1980s, and the
standardization of the IEEE 488 instrument-control bus in 1975, computer-
controlled measurements became a practical reality. The IEEE 488 bus was intended
primarily for the control of instruments and data collection, but once those data were
safely stored in the computer’s memory, that computer could easily be used for the
calibration and de-embedding of the test system.

De-embedding is the process of removing the effects of undesired circuit
elements from measurements so that the measurement describes the device of
interest alone. That device is invariably embedded in some type of test fixture, often
with wire bonds, ribbons, or other types of connection. By replacing the device with
a set of well-defined standards, measuring them, and applying post-measurement
computation, it is possible to remove the parasitic effects virtually completely. An
early technique, for example called through-short-delay (TSD), had three types of
standards used in the process: a direct connection, a short, and a length of transmis-
sion line. Today, those early methods are largely obsolete, as subsequent methods are
more versatile and accurate. It is no longer necessary, for example, to have highly
precise test standards; it is possible to determine their imperfections by analysis
and include them in the de-embedding process. As a result, modern microwave
measurements, even at millimeter wavelengths, are impressive. They are well
beyond the capabilities many of us would have thought possible 30 years ago.

Progress in this area has provided more than simply improved accuracy and versa-
tility; it has given us a more sophisticated view of the problem. De-embedding has
been extended in concept from use exclusively in measurements to being an integral
part of the design process. Modern electromagnetic simulation, for example, would
not be very useful without the ability to remove port parasitics and interconnections
from the results of an analysis. Even in circuit simulation, the ability to remove an
element mathematically from an analysis is often essential.

Most remarkably, the technology of de-embedding has moved from the exclu-
sively linear domain into the nonlinear. As such, the idea has necessarily become
broader, including techniques necessary for large-signal network analysis and new
technologies, such as X parameter and waveform engineering approaches. These
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involve kinds of measurement that were inconceivable in the early days of auto-
mated measurement technology.

In view of the recent history of this technology, I am enthusiastic about its growth
in the coming years. It seems inevitable that the more advanced methods described
in this book will become everyday technology, and that new methods going well
beyond these will be developed. It’s an exciting time to be working in this field.

Stephen Maas
AWR Corporation
July, 2013
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