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Abstract—Microwaves will play a vital role in future defense
systems. They will enable the integration and interdependent op-
eration of military ground, surface, air, missile, and space-based
radar and communication systems for enhanced overall defense
effectiveness. Microwave component, subsystem, and systems en
gineers will find new challenges in meeting the requirements for
extremely high data rates and very low cost that are critical to the
development of these systems of systems. The need for multidisci-
plined microwave engineers will provide new opportunities in the
future.

Index Terms—Communication systems, MEMS, military
systems, Milstar, MMICs, radar systems, UCAV.

N DESCRIBING the role of microwaves in the developmen

of radar, Skolnik emphasized that microwaves and rad
were a great match [1]. Microwaves, radar, and communicati
systems will continue to be great matches in future defense .
SyStemS' Mlcrqwaves and millimeter Wavc_a§ will e_nab!e _trrt%rdépendent system of systems. (courtesy of Tim Kemerley, Air Force
operation of military ground, surface, munitions, air, missil&esearch Laboratory, Wright-Patterson AFB, OH).

and space-based radar and communication systems to become

more integrated and interdependent as depicted in the Fig. 1performance has been the overriding design criterion for
Instead of autonomous platforms, future collector systemaijlitary systems. Since development timesl6 years), costs

Processors, and users will share information via netWOf'@qd System Comp|exity have increased dramatica”y, and the
During operations, the engagement systems will have tBgphasis of the Department of Defense (DoD) is shifting to
ability to reach back for information that will enable them tgow cost. Acquisition strategies are changing to take advantage
provide more adaptable quick-reaction forward “footprintsgf commercial technologies wherever possible. However, there

(presence). Ground forces will also contribute to the totglill still be some unique military requirements like perfor-
situation awareness with improved communications and sensgiince to counter stealth, form-fit-and-function, and severe

systems. Solders’ positions will be known accurately vigperating environments.

global positioning system (GPS) satellite receivers, and theyThe military has relied on RF vacuum electronics (VE) for
will be able to access secure spread-spectrum cellular-likgjh-power amplifiers (PAs) for radar, electronic warfare (EW),
systems with voice and data links. Data from night-visiomand communications systems. As a result, the capability of VE
spectrum-scanning, and video sensors will be linked back 9 generate and amplify high-power coherent radiation at high
headquarters over cellular systems or directly to satellit§fequency (), as measured in terms of average output power
Throughout the entire system configuration, many images p@nsity Cavef?), has doubled every two years for the past six
second will be collected, processed, and the information shaggstades [2]. Due to constant technology advances, modern elec-
in real time. In addition to improved radar and communicaronic amplifiers and oscillators provide reliable long-life oper-
tion capabilities, this environment will demand significanthation. Rapid advances in VE will continue with emphasis on
increased signal and information processing capabilitiesmall size, light weight, and low cost without sacrificing per-
Processing speeds in excess of ten tera-operations per segefiflance. For example, the low-gain high-power VE approach
will provide new frontiers for microwave engineers. implemented in microwave power modules (MPMs) with helix
traveling-wave tubes (TWTSs) will be extended across a range
of VE device types for the final amplifier stage of improved
Manuscript received September 15, 2001. radar, EW, and communication systems. The increasing demand
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Battlefield scenario of the future shows a highly integrated and
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systems (MEMS) may be used to develop new high-frequencyPlatforms for satellite terminals continue to decrease in size,
high-efficiency VE tile architectures. UCAVs being an example; yet performance comparable to

It is likely that monolithic microwave integrated circuitslarger terminals will be required, leading to the development of
(MMICs) will be a dominant technology, but military require-low-profile steerable antennas, high-efficiency PAs, and very
ments will demand the development of new materials ahdNAs in the 18-50-GHz frequency range.
microwave devices (like GaN and SiC) capable of providing In the future, microwave engineers with multidisciplined
lower noise and increased power, efficiency, bandwidth, aegiperience in RF, mixed-signal devices, photonics, and pack-
reliability in stressing thermal environments. Small ultraaging technologies will be highly valued. Broad-band signal
stable oscillators will be required to enable detection of smatocessing will also require engineers who are skilled in
slow moving targets. Very low-loss low-cost components fdsoth RF and digital signal processing. Experts in advanced
switching and phase shifting like MEMS will be required, esmodulation techniques, spread-spectrum techniques, error-cor-
pecially for extremely large space-based arrays and lightweighttion coding, and digital signal-processing techniques will be
uninhabited combat air vehicles (UCAVS). needed. Increasingly, microwave engineers will use improved

There will be higher levels of integration of microwavecomputer-aided design (CAD), modeling, and simulation
devices with mixed-signal components for more compact argbls. By creating accurate and reproducible models with
adaptable sensor front-ends. Innovative packaging technolager-friendly design tools, design cycle times and costs will be
and integration techniques will be required to meet perfosignificantly reduced.
mance, volume, weight and cost constraints. For example Recently, rapidly expanding commercial markets have lured
UCAVs require conformal antennas. Microwave componenésvay microwave engineers from defense. This fact, coupled
mounted on flexible substrates could satisfy these needs,with the design challenges generated by large complex systems,
well as those of satellite systems that must be stowed fmay dictate that virtual teams of engineers from both defense
launch and deployed in space. Due to array size or quantitiesasdd commercial companies in various geographical locations be
arrays, devices on flexible RF substrates may be assemblecbaganized in order to adequately address the design, fabrication,
“roll-like” machines at high rates to achieve cost goals. and testing of microwave components and subsystems. Military

In future multifunction arrays and ubiquitous radar, theecurity requirements will pose interesting problems for the im-
signal-processing functions will be moved forward to thplementation of virtual teams. In this new business environment,
high-PA and low-noise amplifier at each element of the arraliere is an opportunity for industry, universities, and the govern-
and beamforming performed digitally [1], [3]. Such systemsent to rethink all aspects of recruiting, training, and retention
will require development of advanced adaptable direct digitef microwave engineers. Perhaps the technical challenges that
synthesizers (DDSs) and analog-to-digital converters (ADCape offered by future microwave and millimeter-wave defense
that work at gigasamples per second with 12-bit resolution apgstems will entice many engineers to address the unique de-
low-power dissipation. sign and manufacturing problems.

For missile seekers, millimeter-wave frequencies will be pre-
ferred because apertures are small. For example, at 35 GHz,
the aperture in a 7-in missile would have about 700 elements.
To meet cost goals, the cost per element would be between

$20-$30—a tremendous c;hallenge for electronically scqnnedrhe author wishes to express appreciation to those experi-
arrays. MMICs and packaging costs would have to be draSt'CagXCed individuals who so willingly provided information and

reduced. MEMS or reflect arrays offer some potential S0|Ut'0nﬁ1eir insights on the applications of microwaves and millimeter

The need for wide-band communications will lead to thﬁ/aves in future defense application. These individuals are

use of millimeter-wave frequencies in future satellite systems. Kemerley, Aerospace Components Division, Air Force
Milstar is the newest fielded military satellite system and Opeﬁ"esearch La'boratory Wright-Patterson AFB OI-'l W. Gelno-
ates with a downlink in the ZO'GHZ band and an ‘_’p"”" in th\?atch, retired, Electronics Laboratory, Army Communications
44-GHz band. The next-generation communication Sys:ten@ommand, Fort Monmouth, NJ, R. L. Parker, Naval Research
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