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Preface

The latest breakthrough in the continuing miniaturization of
electronic systems is made possible by the integration of circuit
functions and radiating elements into

single modules. In a typical system implementation, electronic
circuits and antenna

subsystems are often provided by different equipment vendors.
Traditionally,

electronic circuits and antenna systems have been designed by
different groups of 

designers using different types of design tools, working
independently on either side

of a well-defined interface, very often with very little
interaction. This approach

leads to separately packaged circuit and antenna subsystems,
connected by appro-

 priate cables or waveguides.

Integration of circuits and antennas into single modules has been
made possible  by the common technological features of radio
frequency (RF) and microwave

circuits and printed microstrip antennas. The basic microstrip
technology used for 

the design of microstrip lines and other planar transmission
structures (used 

extensively in hybrid and monolithic microwave integrated circuits)
has been the

cornerstone for the development of microstrip antennas. Using the
commonality in

technology to combine circuit and antenna functions in single
modules represents a

significant step in further miniaturization of RF and microwave
modules for a variety

of applications including active phased arrays and wireless
communication systems.

So-called quasi-optic systems that are used by grid arrays to
generate high powers at 

millimeter wavelengths are another important example. In several of
these areas, the

use of circuit  – antenna modules is
suf ficiently well developed that designers are now

requiring computer based tools for analysis, synthesis, and
simulation. The need for 

a book bringing these aspects together is thus apparent and we hope
that this volume

is a timely contribution.

Traditionally, microwave circuit designers and antenna designers
have used 

different types of design tools. However, the design of integrated
circuit  – antenna

modules calls for concurrent design of both the circuit and antenna
functions. Such

design requires a new set of design tools applicable to both
domains or a hybrid 

combination of tools so far used separately for circuit and antenna
designs. Analysis of circuit  – antenna modules
requires an appreciation of the various

analytical methods and their application, but also some
understanding of the

xi
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technology types and their application. In addressing these two
needs, it is necessary

first to set the scene and to lay some foundation, then to give a
detailed account of 

analytic methods, and  finally to review some operational
and technology types that 

have very specific and somewhat different analytical needs. This is
the framework we have adopted in putting this book together. After
the introductory chapter, the CAD

 process is reviewed. Four types of analysis methods are then
described in detail.

Although not exhaustive, these chapters are representative of the
various methods

currently being studied. Two chapters are then devoted to an
analysis of very specific

configurations, namely, injection locked oscillator arrays and grid
based structures.

The following two chapters indicate some important applications.
They are devoted 

to monolithic based modules and modules incorporating optical
control. The book is

then drawn together in a concluding chapter.

Chapter 1 serves to set the context of the analysis of
circuit  – antenna modules.The development of such
modules is described together with some explanation of 

the terminology currently used. A glossary of types is presented.
This chapter aims

to show the range of configurations currently being studied and to
highlight the

design challenges. The likely design parameters are then given,
together with a

review of the design process for which analysis tools have to be
developed. Finally,

an overview of the book chapters is given.

In order to develop designs for integrated
circuit  – antenna modules, an apprecia-

tion of the computer-aided design process is necessary. Chapter 2
starts with a

discussion of the design process in general. Conventional design,
computer-aided 

design, and knowledge based design approaches are outlined.
Separate CAD

 procedures for microwave circuits and printed microstrip
antennas, as practiced 

conventionally, are described. Then the discussion converges on CAD
considerations

for integrated circuit  – antenna modules
implemented at various levels of integration

(nonintegrated, partially integrated, and fully integrated).

Simulations based on equivalent circuit analysis methods can
provide fast results

with suf ficient accuracy for   first-pass designs.
Chapter 3 gives an introduction to

equivalent circuit modeling of circuits and antennas. Both linear
and nonlinear 

simulations are described with examples including oscillating patch
antennas,

amplified patches, frequency doubling transponders, and oscillator
locking. The multiport network method offers enhanced accuracy
compared with simple

equivalent circuit methods and can be integrated with active device
models. Chapter 

4 introduces the concept of the multiport network model as
developed for single-

layer and two-layer microstrip patch antennas. Applications of the
multiport network 

method to integrated circuit  – antenna modules are
discussed.

The   field integral equation solved by the method of moments
is now a well-

established tool for antenna and passive circuit analysis. The
inclusion of lumped 

elements has been described some time ago. In Chapter 5, the
description is

extended to nonlinear structures such as diodes and transistors,
with results showing good agreement with measurements. The
transmission line matrix (TLM) and the

finite difference time domain (FDTD) method are two numerical
techniques that 

overcome the need for the large matrix inversion necessary for the
method of 

xii   PREFACE
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moments. Of the two, the FDTD method is extremely simple to
implement and very

flexible. Chapter 6 outlines the method and its extension to active
integrated 

antennas.

Injection locked integrated antenna arrays possess dynamic
characteristics that  are attractive for many applications,
such as simple beam scanning and reduced 

 phase noise. Their behavior cannot be easily analyzed using
the above methods, so

simplified equivalent circuit methods have to be used. In Chapter
7, the dynamic

 behavior is comprehensively described using such
methods.

Grid structures now offer the possibility of providing most of the
functionality of 

transmitter and receiver components in a distributed array form
with interconnec-

tions by quasi-optical beams. The advantages are very
ef ficient power combining,

graceful degradation, increased dynamic range, and reduced noise
  figures. In

Chapter 8, analysis using full wave methods combined with
equivalent circuit device models is described. By way of
example, oscillator synthesis and grid 

optimization are successfully performed.

One of the major challenges for circuit  – antenna
modules is the phased array

element fabricated entirely in monolithic technology, in which the
transceiver and 

antenna are both contained on the same chip. This poses what is
perhaps the ultimate

test of an analysis or simulation tool. To set the scene for
further research and 

development in this area, the requirements for phased array modules
are reviewed in

Chapter 9. The coverage ranges from conventional phased arrays with
separate

transceiver and antenna to more recent integrated
configurations.

Circuit  – antenna modules can form a low cost
component in the wireless local

access into fi ber optic based networks, to provide high
capacity services to domestic

or of fice users. Chapter 10 reviews this important
application area and gives

examples of the analysis challenges inherent in their design. One
such challenge

is the accurate design of  filters for separation of the
local oscillator from the signal,

in the presence of the antenna. In this work the equivalent circuit
based methods,

described in Chapter 3, are used and the strengths and weaknesses
of this approach

are noted.

A short chapter in which some conclusions are drawn completes the
book. The

current status of computer-aided design tools is summarized from
the earlier  chapters. Some thoughts on the likely future
challenges that analysis will face are

then given. The chapter concludes with comments on what now remains
to be done

to present designers with a full and   flexible array of
software to facilitate fast and 

accurate design.

Recognition of the need for preparing a book on this topic emerged
out of the two

workshops on this subject organized by the two editors of this book
and presented at 

the 1995 IEEE International Microwave Symposium in Orlando and the
1995 IEEE

International Symposium on Antennas and Propagation held at Newport
Beach.

Both of these workshops were very well received and discussion
brought out the need for making a book on the analysis and design
of integrated circuit  – antenna

modules available to a wider audience. The present book is the
result of those

suggestions.
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This book results from the joint efforts of the sixteen
contributors in eleven

different institutions in the United States and Europe. A book on
an emerging topic

like integrated circuit  – antenna modules would not
have been possible without such

collaboration. We are grateful to colleagues and the
administrations in these institutions for the support needed for
such a project. Specifically, at the University

of Colorado, we thank Ms. Ann Geesaman who very ef ficiently
handled the

administrative chores involved.

K. C. GUPTA

PETER S. HALL
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