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Save Space with a Luna-Slot Antenna
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This design produced a small uhf cavity-backed slot antenna with over 5-Mc bandwidth, 10-W power rating and
a VSWR less than 2:1.
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Historically, slot antennas have taken several shapes—rectangular, ellipse, dumbbell, bowtie, cruciform, “U,”,
“H,” and annular. To prevent radiation from both sides of the slot, a backup cavity is used on one side. But,
space, missile and aircraft vehicle packaging design demands that small-sized cavities and slots be used. This
restrains the antenna designer because small sizes are not amenable to broadband, high-power reasonable-gain
designs.

The problem is that for matched bandwidths, antenna impedance and input VSWR have a direct dependence on
slot length. Also, the self-impedance of the rectangular slot is highly reactive with small real impedances if the
slot length is very small in terms of wavelengths. In addition, the backup cavity will only sustain certain modes
above a cutoff frequency which is dependent on the cavity internal dimensions.

The luna-slot antenna was thus developed using both
empirical and theoretical methods. As a measure of
bandwidth improvement for the same volume, a
cross-slot dual-channel antenna was used. The
configuration of this antenna is shown in Fig. 1 together
with its VSWR characteristics. The following design
goals were established based on specific volume
constraints (4-1/2 in. dia by 1-1/2 in. high) imposed by
vehicle design: weight, less than one pound; power
handling, 10 W; VSWR, less than 2:1 over a 5-Mc band
centered at 442 Mc; and a broad radiation pattern.
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Antenna impedance

An electrically short rectangular slot and a shallow

- \ backup cavity result in a high-Q antenna because of the
' \ high reactances and low resistances. These are
predominant parameters that limit the bandwidth and
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‘E \\- L / VSWR of a basic slot antenna.
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Fig. 1. Reference antenna. This conventional 450-Me {a)

cross-slot dual-channel antenna (a), with VSWR character-
istics shown (b), was used for comparison purposes.
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A series feed, in which the cavity becomes a transformer
from the coaxial-line TEM mode, and a stretching of the
slot into a lunar shape, largely overcome the described
limitations. Such a feed is shown in Fig. 2, where the
cavity field excitation is the radially symmetric TEM
mode which has no low cutoff frequency. This is one of
the modes used in the luna-slot antenna development to
avoid cutoff restrictions.

A basic model was constructed of a cylindrical cavity.
The resulting annular slot was used as the initial
radiating aperture geometry as shown in Fig. 3. The
model had a 4-1/2-in. dia, 1-1/2-in. deep cavity. A
coaxial center conductor, soldered to a circular disc
placed in the plane of the cavity aperture, resulted in a
flush disc antenna.
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. Fig. 2. Series coaxial feed (a), which largely overcomes
Impedance measurements were made of the flush disc  the bandwidth and VSWR limitations inherent in conven-

antenna at uhf frequencies, but because of the small tional slot antennas. At (b) is a representation of the TEM
. . ’ wave in the coaxial cavity.

sizes (relative to a wavelength) the VSWRs were

exceptionally high (30:1). A re-analysis of the slot region was made using a rectangular slot-aperture analogy

with its known current and field distribution. The rectangular slot was then progressively evolved into a

luna-slot by stretching it into a crescent or lunar shape shown in Fig. 4. The radial asymmetry of this new

geometry was also considered to fill in the null normal to the symmetrical annular slot aperture.
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Fig. 3. Annular slot aperture in cylindrical cavity. This =
was the initial radiating aperture tested, The cavity was Fig. 4. Rectangular-to-luna-slot evolution, from rectan-
of 4-1/2 in. dia by 1-1/2 in. depth, gular (a) to luna-slot (d).

Antenna impedance (continued)

The conducting vane was introduced between the disc and cavity wall to generate an internal E field as shown in
Fig. 5. This E field excites currents around the slot edges, a necessary condition for radiation. The slot E field



and current flow was then assumed to be shown in Fig. 6.

[N\

Fig. 5. Effect on the E field by a conducting vane, inserted Fig. 6. Assumed E field and current flow for cylindrical
between the disc and cavity wall. This is necessary to ex- slot antenna.
cite currents around the slot edges—a requirement for

radiation.
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Because of boundary conditions imposed by the vane, this

field distribution should assume a magnitude variation

proportional to E = A sin /2 (vane position at reference p =

0°). The E-field assumption was initially confirmed during
high-power breakdown tests which resulted in a bright cononA
corona glow being visible 180 degrees (y/2 = 90) away from Eftg?u"uen
the vane (Fig. 7). Later, in probing the E fields in the region

of the slot, this assumption was further validated.

Impedance tests were made of this geometry, and VSWRs
less than 2:1 over a 20-Mc band centered at 620 Mc were
obtained. A Teflon dielectric disc in the plane of the slot Fig. 7 Corona concentration is opposite the vane as shown
resulted in a center frequency of 505 Mc in test results on cylindrical slot antenna design.

The power handling capacity was increased by translating the
metallic disc toward the vane. This increased the gap where the
corona occurred. This new geometry is depicted in Fig. 8. The
electric field, E, now becomes proportional to AK () sin (n

W/2).

DISC

AVITY EDGE

The input
impedance
was
remeasured,
and the
VSWR was

reduced to Fig. 9. Developmental |una-slot model for 505-Mc opera-

. tion. The capacitance stub was determined from Smith
less than 2:1 Chart calculations.
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Fig. 8. Luna-slot design to increase gap where corona is over a 6-Mc

concentrated. band centered at 505 Mec. A single-element shunt-capacitance
stub network, placed at the junction of the input coaxial



connector and the cavity, was used for matching with Smith-Chart techniques. A model of the unit is shown in

Fig. o.

To further lower the operating frequency, the electrical length
of the slot was increased by altering the disc in the vane region.
This lengthened the path of current flow around the slot. The
aperture region was analyzed and the current flow assumed as
shown in Fig. 10.

Impedance tests were made, and a shunt capacitance was added
using Smith-Chart data. A matched input impedance occurred
from 439 to 444 Mc. Power handling tests were repeated with
the unit operating satisfactorily at 17-W input at simulated
altitudes in a vacuum test chamber from sea level to 280
kilofeet.

Radiation-pattern tests and
conclusions

Radiation patterns were measured using a linear,
polarized transmitting antenna and the coordinate system
shown in Fig. 11. The antenna was mounted on a circular
ground plane, one wavelength in diameter, for all tests.
Polar plots were measured every five degrees, and the data
were graphed on a contour diagram as shown in Fig. 12.
Maximum measured gain for the antenna is 3 dB above
isotropic, with the main lobe in the direction of ¢ = 270
deg, 0 = 45 deg.
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Fig. 10. Final luna-slot design showing assumed current
flow. A Smith Chart plot showed the VSWR to be 2.0 or
under from 438-445 Mc, a 7-Mc bandwidth.
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Fig. 11. Radiation-pattern measurement diagram. The
test antenna was mounted on a circular ground plane, one
wavelength in diameter, Polar data were taken every five
degrees and graphed on a contour diagram, Fig, 12.
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Fig. 12. Contour plots of radiated energy from the luna-slot antenna shown in Fig. 10.

Conclusions

Initial development indicates that the field distribution is similar to the rectangular slot, and the radiation
patterns indicate peak gain levels which are higher than a dipole. This would indicate good efficiency.

Techniques are being investigated to further improve bandwidth and other performance characteristics with the
many design parameters available. Printed-circuit and strip-line applications are also being considered to
further reduce the weight, and simplify fabrication and assembly problems. Other disc and slot shapes are
presently being investigated to provide useful antenna types easily adaptable to airborne vehicle structures.
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