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ABSTR4CT

Millimeter-wave activity has been increasing for the past several years, motivated by technology advances
and an increased need for sensors capable of operating in adverse environments (smoke, fog, dust, rain) or making
special remote measurements. Numerous applications are being investigated, but those involving missile guidance,
target acquisition and tracking, and remote sensing appear to be providing the greatest impetus. Major measure–
ment programs have been initiated to obtain better characterization of propagation effects (attenuation, back–
scatter), groundor sea clutter, multipath effects, and target signatures at both millimeter and submillimeter
wavelengths.

The presentation will briefly summarize the state of the art in components, sources, and receivers, and
discuss the measurement programs mentioned above. From this basis, the more important current applications will
be described in some detail. A projection of possible future applications will also be given.

Introduction

The past several years have seen a strong re-
vival of research and applications in the millimeter-

wave region, with related investigations extending
into the submillimeter-wave range as well. A number
of factors have contributed to the renewed activity;

these include the advent of new technology (such as

better sources and lower-noise mixers), the evolution
of new requirements for sensors (mostly by the Govern–

ment for missile guidance, target acquisition and

tracking, and remote sensing), and the general superi-
ority of millimeter–wave systems over optical and IR
systems for penetration of adverse environments (smoke,
fog, haze, dust, and rain).

For low power applications (watts of peak power;
milliwatts average) solid state IMPATTS have seen ex-

tensive development and now operate well above 200
GHz . Gunn oscillators are now available to 100 GHz,l’2
klystrons to 200 GHz, and carcinotrons to 300 GHz.3
In medium power tubes, the magnetron has been improved

in lifetime and is available to 95 GHz, and the ex-
tended interaction oscillator (EIO) has appeared and
is in use up to 140 GHz.4 The gyrotron tube, which

has achieved very high-power levels (megawatts peak)
at efficiencies greater than 30%, has already seen

application to fusion research and undoubtedly will
soon see use in radars.5 Laser-pumped lasers can also
be used to produce significant power (up to tens of
kilowatts peak) at6specific millimeter and submilli-

meter frequencies.

Component development has also progressed recent-
~y;l,2 in particular integrated circuits, image lines

and quasi-optical techniques have been developed.7*89 9

One of the most significant areas o~oimprovement is

in low-noise Schottky mixer diodes, and this has led
to better receivers for radar, communications, radio-
metry, and radio astronomy.

The recent growth in millimeter-wave activity is
certainly attributable in part to the availability of
improved components, particularly solid state sources.
While such sources provide relatively low power, they
are smaller in overall size and require much lower
voltages (and prime power) than vacuum tube types,
such as magnetrons and klystrons. Over the past half-

dozen years solid state sources have been improved in
several ways, such as availability of higher power out
puts and operation at higher frequencies. Some of the
improvements are more subtle, but very important for

systems; these include development of injection-locked
IMPATT amplifiers, frequency-doubled Gunn oscillators,

and frequency stabilized or phase–locked sources.
These types of improvements are permitting the
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exteneion of all-solid-state pulse-compression and

coherent MTI (moving target indication) radars to as
high as 94 GHz. Similarly, all-solid-state passive
radiometers are being extended to at least 140 GHz.

In general, atmospheric propagation effects domi-

nate considerations relating to applications. This is
true even for satellite applications outside the

atmosphere, since frequencies may be chosen for which

the atmosphere is opaque in order to provide covert

operation. Typical values of atmospheric attenuation
have been well-established for frequencies up to 100
GHz, including the attenuation and backscatter due to

rain or fog, and programs have now been initiated to
obtain better information about atmospheric effects and
effects of smoke or dust above 100 GHz. Of particular
interest are effects in the atmospheric “windows”, or
attenuation minima, at 35, 94, 140, and 220 GHz.

Reflectivities of land and sea (i.e., “clutter:’), as
well as targets, are also being obtained at these
frequencies. 11

Applications

One of the areas of greatest activity in milli–
meter waves is that of guidance for missiles and
projectile5.12 present precision guided weapons are

based upon the use of TV or laser seekers; however,
they are not adverse weather systems (and mostly day-

time-only types). What is needed in general is a
precision tracking or weapon guidance capability that
will perform satisfactorily in smoke, fog, dust, or

rain, day or night.

The Defense Advanced Research Projects Agency and
the three Services are now placing particular emphasis
on terminal guidance of tactical air–to-surface

missiles. Antennas for such “terminal seekers” are
aperture limited to less than 6 or 8 inches. In order
to obtain narrow beamwidths from such small antennas,
millimeter–wave frequencies are being used, with the
choice typically being 35 or 94 GHz. Extensive design
and measurement programs are underway to develop
seekers optimized for various military requirements. 13

In general, all-solid state design has been empha–
sized for these seekers, consistent with the need for
small size and low voltage. Although transmitter out-
put power is low, it is sufficient because the range
needed is short. In addition to active (radar) seekers,

passive radiometric systems are also being investigated.
Even combined active-passive systems are in use, where-
in an active seeker may switch over to a passive radio-
metric sensor near the end of missile flight, since the
radiometer does not have the problem of aimpoint wander
which radar glint may produce.



In addition to these types, semiactive systems

are being investigated, with obvious analogy to laser

designators and seekers. Similarly, millimeter-wave

beam-rider missile guidance is being studied. For

these examples higher power transmitters are needed,
which generally rules out solid–state sources.

Airborne radiometric sensors are being exten-

sively used by NASA1~or remote sensing14>15 and by the
Navy for navigation and imaging. 16 For example,

NASA’s NIMBUS 6 satellite carried five superheterodyne

radiometers with center frequencies between 22 and 60

GHz . Currently, NASA is operating a dual-frequency

(90 and 183 GHz) airborne radiometer to measure atmos-
pheric temperature data related to water content.12,15

Several types of millimeter-wave communications

systems have been developed or desi ned.
7

These

include terrestrial point-to-pointl or ship-to-ship
systems whose carrier frequencies were chosen to take
advantage of atmospheric propagation characteristics;
enclosed, low-loss, TEO1 mode, circular waveguide for
use in wideband, long-haul, heavy-route communication
systems; and satellite-to-satellite or satellite–to–
ground links.

The most straightforward scheme that has been

developed for terrestrial (surface) communications is
a shortrange (5–20 miles) duplex unit operating at 38
GHz, which is a low atmospheric–attenuation region.
The advantages of a millimeter-wave system over a
microwave system include the availability of a narrow
beam width (high gain) from a small aperture, broader
bandwidths (possibility of frequency agility), and
link privacy.

In other cases the choice has been to use a

frequency near 60 GHz, where attenuation is high, so
signal overshoot is low and covert operation is

possible. Examples include ~81ine-of-sight communi-

cator for use between ships. The design employs

3-inch diameter paraboloid reflectors (4. 5 degree
beamwidth), an IMFATT transmitter/local oscillator and

battery-pack power. Transceiver weight is 2 pounds
and battery pack 6 pounds. Other systems have been
devised which emphasize low cost and civilian appli-
cations,19 as well as advanced dielectric waveguide
circuitry .20

For many years Bell Laboratories and other
organizations developed components and technology in

relation to the so–called circular–electric mode

(TEO1) waveguide, which has been shown to provide
extremely low loss (about 2 dB/km) over the frequency

range from 33 to 125 GHz, while carrying about 220,000

voice circuits simultaneously. Complete systems have

been developed in the U.S., Japan, and England.21-24
Several years ago the Bell System installed a 14-km
long field test system in New Jersey, and a similar
22.7–km length of experimental waveguide has been
installed in Japan. Tests have apparently been
highly successful.24,25

More recently a variety of satellite links has

been reconsidered, partly for re
%;29 ‘;ts::::um

congestion and/or cost benefits.
probable that further millimete~;~$$e applications

will evolve in the near future.

The examples above represent only a modest cross-

section of millimeter–wave activities today. More

could be said about extensive work in spectroscopy.

radio astronomy, special uses of sensors (e.g., auto

collision avoidance radar), and other fields.
Certainly the growth in research and development has

become much broader in recent years, and now there are

overtones of possible millimeter-wave systems which

may be produced in quantity,a long-awaited event and

one which is much-needed if the area is to continue to
grow.

Early satellite communications in the 30-33 GHz

region were carried out between the NASA Applications

Technology Satellites (ATS-5 and ATS-6) and ground
stations.26 Satellite_to-satellite millimeter-wave

relay links were also designed, 27 leading to the

development of needed components at V-band, since most
of these links would have taken advantage of the very
large atmosphere attenuation near 60 GHz to provide
isolation from ground receivers.
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