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Foreword

INTRODUCTION cessors, particularly for the speed of desktop computers and

F TECHNOLOGY has advanced significantly in thdn® Power consumption of portables.

Rpast two decades largely through the investments in'_n. addition to the qew demands o_n performance and afford-
microwave integrated circuits (MIC’s) by several governmen@®ility, the following improvements in RF systems are needed
and through the rapid growth of commercial wireless comm{f Petter exploit the microwave region and to fully realize the
nications. Technological advancements have been particuld?§nefits promised by millimeter-wave operation:
strong in the microwave and millimeter frequency bands 1) more available spectrum;
between approximately 1-100 GHz. Government investment2) higher bandwidth;
in these frequencies has been dominated by defense, nationaB) reduced size and weight for mobile and airborne plat-
security, and scientific-research systems, particularly for radar, forms;
communications, electronic warfare, missile seekers, and ra4) propagation control;
diometry. Commercial wireless frequencies are mainly in the5) compromise between propagation and resolution condi-
0.8-2.5-GHz range, with current military mobile communica-  tions in the frequency range between optical and radar
tions systems being lower in frequency due to the operational frequencies.
requirement for over-the-horizon coverage. New commerci@urrently, there are many radar and communications applica-
interest is growing for local multipoint distribution servicetions in the microwave spectrum, including wireless systems.
(LMDS) around 30 GHz and for vehicular collision-avoidanc&here are relatively few applications in the millimeter-wave
radar between 60—-77 GHz. Military satellite communicationggion primarily because of the cost or unsatisfactory perfor-
require frequencies between 12-45 GHz and various mobileance of RF components, both active and passive. This is
military-radar and missile-seeker applications run the rangarticularly true for solid-state millimeter-wave power trans-
from approximately 3-95 GHz. Due to the strong moleculanitters where MIC solid-state technology can bring significant
oxygen absorption, frequencies near 60 GHz have potentigvantages of batch fabrication, compactness, light weight, and
applications for wireless local area nets (WLAN's), especialkeliability, but the power-handling capability decreases very
nets within buildings, and for other commercial or militaryapidly with frequency.
applications requiring isolated links or paths of signal propaga-With the broad demands now placed on RF systems, there
tion. For example, satellite-to-satellite covert communications a strong incentive to consider technology that can impact
are possible without interference with, or interception byerformance and affordability at the same time. Our viewpoint,
terrestrial stations, and highly localized wireless nets agdd the theme of this RRNSACTIONS is that such an impact
possible with easy reuse of frequencies. can be achieved by innovations in RF system architecture.

Throughout this period of activity, the government interBy RF architecture, we mean the physical structure and
est has been focused largely on performance requiremesiisctromagnetic (EM) relationship between the components
specific to military systems, such as power, sensitivity, anghd devices that process the RF signals and power, partic-
instantaneous bandwidth. The commercial activity has focusgrly in the system front-end. Traditional RF architecture
primarily on affordability, reliability, manufacturability, andis based on a “plumbing” approach whereby signals are
other issues germane to commercial products. At present agdted through waveguides or coaxial lines that have excellent
into the foreseeable future, the focus in both areas is beiRg characteristics and allow for three-dimensional system
replaced by broader demands on performance and affordabijifiegration, but necessarily require rather large components in
alike. With reduced or stagnant budgets, high-performance B&parate packages or modules. Modern hybrid and monolithic
systems can no longer reach the stage of defense acquisitifBgrated circuits (IC's) have fostered a major reduction in
unless they are substantially more affordable than in previogig volume and weight of RF components and subsystems,
times. Conversely, commercial wireless systems and produgt have often fallen short of the traditional systems in terms
have already become so affordable that specific performangieperformance or cost because of MIC circuit losses, device
characteristics such as range and dropout rate in wireleg®ricomings, expensive semiconductor materials, or other
telephones are becoming key issues in their procurement. Tgsons. Innovative architectures should strive to meet or sur-
situation is similar in some ways to the dilemma facing digitiass the performance of traditional systems, while achieving
electronics where a concern in the Department of Defenggmparable or superior levels of integration relative to MIC
is the availability and affordability of ultra-high-performancgechnology. The important issue of new circuit-integration
digital-signal processors, and a key concern in the commergighniques has been the subject of a number of recent military
arena is the performance of manifestly affordable microprgasearch and development programs sponsored by various

laboratories and research offices of the three services, by the
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An example of superior architecture addressed in thisovides an effective hermetic seal and self-packaging for
TRANSACTIONS is three-dimensional integration using conthe circuit, with very controllable EM coupling effects. As
ventional semiconductor devices with unconventional R& result, the cost of packaging for millimeter-wave IC’s
coupling technology. Two examples of unconventional R€an be reduced by as much as two orders of magnitude
coupling are bulk-micromachined circuits and quasi-opticalver the cost of traditional packaging techniques. Two good
structures, both of which are discussed in several of thisviews of this circuit integration technique are contained in
TRANSACTIONS papers. In a sense, these architectures dig and [2].
the best of both worlds, having the three-dimensional benefitThe paper by Lubecket al. is an overview of micro-
of the traditional RF circuit approach, and the integratiomachined circuit techniques for very high-frequency applica-
benefits of the MIC approach. Both techniques are hightions. It also discusses a combination of MEMS techniques
compatible with planar solid-state fabrication technologyith the micromachined circuits. The integration of MEMS
Other novel architectures addressed in ttRaNSACTIONSare and micromachined circuit techniques is a natural exten-
active integrated antennas and frequency-control structursion. The paper by Herriclet al. discusses the extension
In some cases, papers are presented which include a gobdhe micromachining technique to three-dimensional lay-
overview of the subject. In other cases, the state-of-thered circuit integration for very high-density microwave and
art is well documented elsewhere, and thiBANSACTIONS millimeter-wave solid-state components. The paper by Robert-
focuses on recent progress. In this case, we have trigah et al. describes a compact lightweight 20-dB directional
here to provide key references to the state-of-the-art. Adbupler with 0.5-dB insertion loss, as an example of a high-
of the authors in this RANSACTIONS were encouraged to performance microchined circuit component. An alternative
include intelligent speculation of potential future advances akew integration technique involves air-gap transmission lines
their techniques. fabricated on glass substrates, which are glass microbump

The first three papers discuss an exciting new approaobnded to silicon substrates. This technique is discussed in
to circuit integration using micromachined silicon substratetie paper by Chuang and El-Ghazaly. It is intriguing to ask
which has the potential for high-performance circuits in # this technique could be usefully combined with silicon
broad frequency range from 1 to over 100 GHz with mucmicromachined circuit techniques.
lower cost, lighter weight, and smaller size than traditional cir- The paper by ul Hacet al. describes a new approach to
cuits. This technique provides a natural way to integrate vemyode control structures. Traditionally, these components have
high functionality circuits by using flip-chip techniques to inbeen fabricated from periodic structures. With the advent
corporate chips on other material substrates for optoelectronfcreadily available high computational power, it is possi-
or high-frequency microwave functionality into the siliconble to remove the restriction for periodicity in designing
based circuit. Silicon CMOS and SiGe microwave componerttsese structures and to achieve the same performance in
can be naturally fabricated in the silicon micromachinesimaller structures. The results reported in the paper are for
substrates. Channels are etched in the substrate and coplameseguide and optical circuits, but the extension to planar
transmission line fabricated in the channels. A matchin@’s, particularly in micromachined channels, may be very
channelized substrate can be used to cap the lower substistieresting. The optical circuits described in this paper have
enclosing the transmission lines. The channels can be meteatural microwave and millimeter-wave analogs in possible
ized, effectively isolating the enclosed lines and eliminatinguasi-optical circuit architectures.
radiation loss. Active elements can be integrated in enclosedMEMS techniques have been very successful in addressing
chambers connected by the transmission-line channels. Rife applications, particularly for switching components. RF
channels can be sized to insure cutoff of critical frequencieddEMS switches can provide high performance with very
thus isolating circuit elements within a channel. As a resuttw power dissipation and in circuits compatible with very
of this increased isolation, circuit densities can be signifiarge-scale integration (VLSI). The paper by Brown is an
cantly increased for microwave and millimeter wave IC’'s. Theverview of RF-MEMS switch technology and its applicability
coplanar lines are fabricated in such a way that dielectiic reconfigurable RF circuits, including antennas. The paper by
material is eliminated from key portions of the substrat®arker and Rebeiz discusses a new switch architecture, which
resulting in an elimination of dielectric loss and substratgrovides true time-delay phase shifters and high isolation
modes. High® inductors and low dielectric-loss capacitivewide-band switches with relatively low pull-down voltages.
elements can be integrated into planar IC’s. Discrete inductorsThe paper by Qian and Itoh is an overview of recent
can haveQ’s between 50-100, with cutoff frequencies welprogress in active integrated antennas. Active antennas are
above 40 GHz. At higher frequencies, very higidistributed the integration of active devices directly in an antenna cir-
filters are possible. HighQ filters can also be constructedcuit. In general, the antenna circuit and active device are
from coupled resonant cavities in the silicon substrate antdegrated so closely that the performance cannot be easily
the filters can be tuned using microelectromechanical systsggregated into two separate elements. The antenna circuit
(MEMS) structures. Performance of these circuits is limitegind the active device must then be analyzed as a single
only by ohmic losses. The performance of micromachinemmponent. Advantages of this integration include inherently
circuits can approach the performance of waveguide circuitaver losses, the removal of the restriction to impedance
for many applications, but with less than one-twentieth of theatch to 50¢! interconnects, compactness, and the reduc-
size and weight. The final capping layer of silicon substraten in signal delay so that a nonlinear response can occur
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directly at the antenna. Optical techniques can also be usegrevious issue’s paper in thisRANSACTIONS on stability
to control the active devices in the active antenna. The grid amplifiers [6], they represent the first comprehensive
paper by Radisicet al. presents some novel approaches tanalyses of grid amplifiers and are important contributions
the harmonic tuning of high-efficiency amplifiers using thé& the fundamental understanding of these architectures. The
EM characteristics of the antenna itself in an active antenpaper by Popodi‘and Mortazawi discusses the critical issue
arrangement and/or using frequency-control techniques basédidirectional quasi-optical arrays. For compactness, many
on periodic EM structures (the same principles used feommunications and radar applications will require bidirec-
photonic bandgap structures). tional arrays for transmit and receive. This is especially
Several papers in thisRRNSACTIONS deal with innovative true for missile-seeker front ends, which must use a single
circuit and architecture solutions for beam-control functiongperture due to space limitations. Here, the circuits in the
A novel technique is discussed in the paper by Chang aaplifier array must be able to separate the outgoing power-
Fetterman to achieve microwave phase conjugation usiamplifier function from the incoming low-noise amplifier
nonlinear devices coupled to an array of antenna elemeritgiction with the potential for phase control for beam forming.
Here, the pump signal can be fed electrically or for very largehe examples considered in this paper are all active antenna-
arrays optically. Another innovative technique for the contr@rray architectures. The paper by Moussessta. describes a
of beam directivity from antenna arrays uses injection-lockirgyid frequency doubler for terahertz applications as an example
and phase-locking techniques for oscillators in active antendfaa quasi-optical architecture for higher order functionality.
arrays. This potentially low-cost approach to beam scanning
is discussed in the paper by York and Itoh. The paper by
Li and Chang describes novel techniques for beam steering ~ LIST OF REVIEWERS AND ACKNOWLEDGMENT
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Four papers deal with various issues in quasi-optical ar- K. Chang
chitectures or spatial power-combining circuits. These ar- F. Chang
chitectures combine power or perform functions on signal J.-C. Chiao
as a distributed EM field in free space. This approach has M. P. De Lisio
the potential for efficient power combining. By combining R. F. Drayton

the power output from a large number of devices in free
space, the losses in interconnects can be eliminated while
maintaining high bandwidth performance. It can provide a
natural compact technique for higher order functionality, such
as beam control and frequency conversions, for architectures
that will ultimately radiate from a large aperture, such as an
antenna array. The terminology for quasi-optical and spatial
combining have become somewhat blurred in the literature,

and there is a tendency to use them almost interchangeably.

The term “quasi-optical” originally referred to architectures
which relied on optics-like elements, such as lenses and
reflectors, to control the spatial EM field. Spatial-combining
architectures can be divided into space-fed and circuit-fed
arrays. Both types combine the output signal or power in
the free-space EM field, while the space-fed architecture also
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closer than a half-wavelength. The entire grid, consisting ehd Associate Editor Christina M. Rezes for their help and
the interconnects between active devices, acts as a singlatience.
input and single-output antenna. On the contrary, the active
antenna array consists of an array of active devices, each
with its own antenna element, and with some degree of
isolation between each antenna “cell.” Two outstanding recent
references on this broad topic are [3] and [4], and [5] contains a
recent further overview with particular concern for combining
efficiency issues.

The papers by De Lisicet al. and Moussessiaret al.
describe analyses of efficiency, noise, and complementary
symmetry in grid amplifier structures. Taken together with
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