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ANTENNA THE CRITICAL ELEMENT IN SUCCESSFUL MEDICAL TECHNOLOGY
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Developments in the application of microwave
technology to the solution of medical problems, parti-
cularly the detection and treatment of cancer, have
been very encouraging. In the development of
cancer, for example, microwave hyperthermia has
been accepted as an adjunctive procedure to radiation
therapy in the treatment of superficial lesions. While
not so widely reported, the use of microwave
radiometry as a noninvasive passive technique for
early detection of cancer appears very promising.
Wider acceptance of these methods, however, awaits
fundamental, improvements in the ability to focus
energy at depth in human tissue -- an important and
nontrivial antenna moblem. Further develo~ment in
the areas of antenn~s and antenna arrays is- remrired
if microwave technology is to provid~
solution to the detection and treatment of

a practical
cancer.

TECHNICAL DISCUSSION

Developments in the application of microwave
technology to the detection and treatment of cancer
have been encouraging. Numerous presentations and
publications have been made, particularly with
respect to hyperthermia (i.e., the application of
microwave energy to elevate tumor temperature to
cause cell necrosis. It is generally agreed, based upon
several important biological rationale [1-16] that
hyperthermia will play an increasingly important
role. While not as widely reported, the use of
microwave radiometry as a noninvasive passive early
detection technique indeed appears promising. [ 17-25]
Eventually microwave radiometry could be used to
provide noninvasive therm ometry to control

hyperthennia. Radiometry is defined as the technique
for measuring electromagnetic energy, and clinical
radiometry is, in turn, the passive measurement of
natural emission from the human body.

Significant progress has been made in the
areas of signal processing and electronic display.
Consistent with technology trends, the advent of low

noise/small signal and high power microwave

transistors and the use of microwave integrated
circuit techniques will significantly reduce size,
weight and cost. However, the antenna -- the critical
component to both treatment and detection -- is the
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single most important component limiting system
performance.

Acceptance of hyperthermia, for example, is
restricted to an adjunctive procedure to radiation
therapy for superficial lesions. The primary reason
for this limitation is related to the inability to focus
energy at depth in human tissue. The acceptance of
microwave radiometry as a noninvasive passive early
detection technique will be subject to similar
restrictions. Propagation in the near-field region of a
layered absorptive and inhomogeneous medium
represents a difficult and challenging microwave
problem.

Antenna performance is generally determined
by test rather than design. Antennas are normally
evaluated in their radiate mode rather than the
receive; however, the antenna reciprocity theorem
states the transmit and receive antenna patterns are
identical [26].

Antennas can be remote or in direct contact
with the tissue. The direct-contact antenna can be
matched to the tissue, minimizing the tissue-to-air
interface and providing maximum coupling of the
emitted signal to the transmitter or receiver. If the
antenna is noncontacting or remote, the mismatch at
the surface relative to the air can be significant,
resulting in a dramatic reduction in surface
emissivity in the case of passive radiometry, or a
significant reflection as in the case of hyperthermia.
Ludeke and Kohler [27] have suggested the uae of a
radiation-balancing radiometer employing noise
injection, thus making the receiver temperature
equal to the object temperature to eliminate the error
due to reflectivity. However, if the radiometer is de-
signed for a specific application, the use of site-
optimized contact antennaa would eliminate the need
for this added complexity [28]. In that situation,
however, thermal drift results from prolonged
contact between the microwave antenna at room
temperature and a subject at a different temperature.
Appropriate antenna heating (i.e., thermal matching
of the antenna) can minimize thermal drift and
realize a more accurate temperature measurement
[29].

It had been determined by Guy [30] that the
optimum direct contact waveguide aperture size to
achieve effective coupling of microwave energy to
biological tissue is the simple TE10 mode. At the
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higher microwave frequencies and particularly at
the millimeter-wave frequencies, waveguide anten-
nas can be of convenient size. On the other hand, at
the lower frequencies where greater depth can be
achieved, the physical size of the antenna is signi-
ficant and oftentimes unacceptable for clinical use,
necessitating the need for dielectric loading [3 1-33].

The size and shape of the aperture will
determine the directivity or beam. A reduction in
aperture size, however, can result in a decrease in
effective detection depth. The beamwidth of the
antenna will increase with decreasing aperture width
corresponding to reduced gain or, in this case,
reduced detection or heating. Allowing the aperture
width to approach zero creates, in essence, a point
source at which the antenna becomes omnidirectional
with minimal depth of penetration.

Attempts to utilize noninvasive multiple
antennas to achieve a phased array in order to focus
energy at depth in humans have met with little
success. A phased array, or in the case of radiometric
correlation techniques [34-35], requires overlapping
antenna patterns in which the overlapping portion is
in phase, or coherent, allowing additive beam
forming. If coherency could be achieved, the radiated
pattern of the aperture formed by the multiple
antennas would become more narrowed in beamwidth
and, therefore, more directive.

The more successful use of multiple antennas
has involved invasive, simple, coaxial monopoles.
These invasive applicators are generally used in
combination with interstitial radiotherapy. The

applicator is normally inserted into the catheter used
to implant the radioactive material.

Multiple antennas, or applicators of this type,
are coaxial structures with heating patterns
projecting radially from the exposed center
conductor, creating an interference pattern. Proper

spacing of the antennas will provide predictable and
uniform heating at depth. Realizing that coaxial

cables having small cross-sections are Iossy, resulting
in system degradation, this type of antenna is not
considered efficient in radiometric applications [36].

Microstrip antennas [37-40] are small, light-
weight, inexpensive and can be constructed in a
flexible substrate material providing the ability to
conform to the body surface. The use of microstrip,
however, will reduce the overall system performance
(i.e., in the case of radiometry, increased noise figure
due to increased insertion loss when compared with
waveguide . . . and hence lower efficiency). For the

most part, design data available for microstrip
antennas pertain to mating to an air dielectric (i. e.,

%=1) rather than complex tissue. The effect on the
design as a result of mating to a Iossy material having
a high dielectric constant is dramatic. Bahl and
Stuchley [41] have discussed the design of the
microstrip covered with a lossy dielectric layer.

The requirement for broadband performance
associated with multiple frequency radiometry will
necessitate further development of printed con-
figurations. Barrett et al [42] had shown that when
infra-red is used in combination with microwave, the

resulting detection data are significantly improved

approaching that of mammography. Prionas and
Hahn “ [43], with a detailed analysis of energy
distribution vs depth and frequency, have established
that multiple-frequency radiometry is a feasible
technique to enhance noninvasive microwave detec-
tion. A wide separation of microwave frequencies may
preclude the use of a common antenna due to the
inability to optimize antenna element performance

over an appreciable bandwidth,

CONCLUS1ON

Developments in the application of microwave

technology to the detection and treatment of cancer

have been very encouraghtg; however, further de-

velopment in the areas of antennas and antenna

arrays is required if microwave technology k to

become an acceptable and practical solution to the
detection and treatment of cancer. The near-field

region of a layered, absorptive and inhomogeneous
medium represents a difficult and challenging

problem.
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