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DIELECTRIC-LOADED CONFORMAL SLOT ANTENNAS FOR
TELEMETRY APPLICATIONS

H. S. JONES, Jr.
Microwave Branch

Harry Diamond Laboratories

Summary    The design and construction of a variety of slot antennas that conform to
conical, ogival and cylindrical surfaces are described. These antennas are dielectric-
loaded cavities or waveguide radiators with very thin metallic walls that are efficient and
simple to fabricate. Some are fabricated from low-loss copperclad dielectric materials.
Other designs involve the process of electroless copperplating over a dielectric substrate
to form the cavity. radiating slots are cut after the cavity configuration is formed. The
feasibility of these antenna designs and the construction methods employed have been
fully demonstrated.

Many important advantages are derived from the use of the technique. It is highly
suitable for the design of telemetry antennas in the L-band region. Antennas of this type
lend themselves to flushmounting and can be easily designed to radiate through a
dielectric window. Design parameters are easily controlled, thus allowing good overall
electrical performance with consistent and reliable results for production quantities.
Because they can be constricted to conform to the structures on which they are mounted,
very good radiation pattern coverage is obtainable. Most models tested have good
voltage standing-wave ratio characteristics and are capable of operating over at least a
101, bandwidth. Complete antenna systems with varied configurations have been
designed in the frequency range from 1.0 to 2.5 GHz, yielding highly satisfactory results
and at very low cost.

Introduction    The change in the telemetry band to the L-band region has generated a
need for antenna designs that are efficient, functional and capable of satisfying the many
physical as well as electrical requirements imposed by the various sophistated electronic
systems. The techniques employed in the design of the dielectric-loaded conformal slot
antennas have proved to be a practical approach to satisfying many of the requirements.

The effect of the dielectric loading of waveguides or cavities is to reduce its wavelength
and phase velocity, and lower its cutoff frequency. Consequently, when the waves travel
in a dielectric medium whose relative dielectric constant is greater than unity, a smaller
vol-cuae cn bc utilized for transmission of energy over a select frequency band. Thus, the



cross-sectional area of dielectric-loaded waveguide can be considerably lebs than that for
air-filled waveguide transmitting the same band of frequencies. For uniform lossless
dielectric material, the propagation constant ( is expressed as

where , is the dielectric constant, 8 is the wavelength in free space, and  8c the cutoff
wavelength.

Antenna Materials    In recent years, high quality, well. controlled dielectric mp,terials
with excellent physical and electrical characteristics capable of being fabricated in many
desired configurations have been developed. The application of these new materials
coupled with the basic theories and techniques deso-ibed herein has figured prominently
in the advancement in the state-of-+he-art of microwave antenna systems. Thus, it is this
approach that has been pursued to develop the thin-wall conformal slot antenna designs
for telemetering. Antennas have been designed in configurations that are planar, circular,
or conical.

Typical antenna wall thicknesses vary from 0.1 to 0.25 inch, depending on the
application. The dielectric substrate materials are generally epoxy fiberglass and teflon
fiberglass with a dielectric constant of 2.8 and 3.5, respectively. Other materials with
higher dielectric constant values can be used, which tends to lower the overall volume.
However, in each case only the low-loss materials are considered.

Antenna Designs and Illustrations    The basic antenna is a loaded cavity, designed for
resonance in the vicinity of the operating frequency. The radiating slot is cut in the broad
face and is approximately 8/2 in length. The cavity is fed from coaxial line whose center
conductor is across the cavity near the slot to perturb the electromagnetic field. A single
slot in a plane is shown in figure la, along with its voltage-standing wave ratio
characteristics. Other designs can be configured as a dielectricloaded waveguide with
multiple radiating slots.

These antennas can be used advantageously for a wide variety of applications, occupying
only a small volume of the surface structure. An Illustration of some typical designs that
have been developed are shown in figure 1. Here, two cylindrical L-band antennas with
circumferential radiating slots mounted on a cylinder are shown (lb) along with a typical
radiation pattern that is off the normal axis (excited in the proper phase). Circular and
semi-circular versions are shown in figures lc and ld. These techniques have been used
successfully in the design and construction of antennas in the frequency range from UHF
to X-band, which includes planar arrays with conical and cylindrical surfaces.



An L-band telemetry antenna along with a specimen of the dielectric substrate before
plating is shown in figure 2. This is a dual-cavity design with each half containing a
radiating slot and a separate feed. The Antenna is a highly efficient radiator, the gain of
each section is greater than 3.0 dB, and the VSWR is less than 2.0 measured over a
20041Hz bandwidth. It is well constructed, and the adherence of the copper (0-003-in.
thick) to the dielectric is very strong.

Conclusion    The above techniques lend themselves quite well to the design of antennas
for use on curved surfaces. The results obtained from each design have been highly
satisfactory. Aside from their good efficiency, other salient features are found in their
low construction cost, design compactness, and the ability to be produced in integrated
functional designs.

FIG. 1. DIELECTRIC-LOADED ANTENNA DESIGNS

FIG 2. L-BAND DUAL CAVITY ANTENNA WITH
DIELECTRIC SUBSTRATE


