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Abstract: In analogy to dielectric superstrate structures, a periodic array of patches printed on a single substrate is
used to achieve the necessary resonance condition to considerably improve the gain of a small radiating element. An
antenna of this kind was designed for the 38 GHz frequency range, built and tested. The substrate has a diameter of
100 mm and is placed 4 mm or 8 mm in front of a simple waveguide feed, resulting in a beamwidth of 7.5° i.e. an
effective aperture of about 65 mm, a bandwidth of 300 MHz and a gain of 26.3 dB.

1. Introduction

The gain of single antenna elements like microstrip patch antennas, slot antennas, or waveguide feeds can be greatly
enhanced placing a (multilayer) superstrate above them, resulting in resonances and a lateral extension of the
antenna aperture, however at the expense of bandwidth. This has been demonstrated some time ago for microstrip
patch antennas [1 - 4] . In[4] and [5 - 7] asingle dielectric layer with a high dielectric constant is used, partly with a
simple slot in the ground plane as original radiating element. Design of these antennas typically is done based on
Green's functions and the method of moments, including leaky wave phenomena[5, 6, 8].

In [9] an interesting alternative point of view of this type of antennas is given, based on a periodic band gap
structure with a defect. The superstrate layer structure, together with its mirror (with respect to a conducting ground
plane, Fig. 1, left), but without the ground plane, is treated as a transmission resonator. Best gain improvement is
achieved at the spurious transmission band or resonance slightly above 5 GHz as shown in Fig.1, right side.
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Fig. 1: Layer structure and transmission behavior of the antenna arrangement according to [9].
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Fig. 2: Equivalent transmission resonance computation of the layer structuresin [3], left side, and [7], right side, according to the
principle of [9]. To this extent, the respective structures are mirrored at the ground plane and handled as a transmission resonator.



A quick check (Fig. 2) demonstrates that this principle works, too, for example, for the antenna layer structures
givenin [3] or [7]. This once again confirms that a resonance is formed by the superstrate, and that this easily can be
determined by a simple plane wave or even an equivalent transmission line calculation.

2. Description of the novel antenna

Based on the original explanations and the alternative design procedure, the superstrate structure, consisting of
either multiple dielectric layers or a single layer with very high dielectric constant [7] to improve resonance may be
replaced by a simply printed structure which gives an equivalent higher reflection and lower transmission
coefficient, respectively, to allow a reasonably good resonance. To this end, a periodic array of sguare patches,
arranged on a sguare grid with half wavelength distances, was selected and designed (Fig. 3) to give an insertion
loss of approximately -12 dB, equivalent to the layer structures in [7] or [9]. In this structure, parallel plate TEM
waves cannot propagate due to the discontinuous metallization and the periodic nature of the printed elements, but
the desired resonance with the electric field parallel to the substrate can be excited. The plane wave insertion |oss of
an infinitely extended single layer and of two of these layers placed face to face with a distance of 8 mm as well as
of 16 mm is plotted in Fig. 4, showing resonances in the 38 GHz range — a full wavelength or a two wavelength
resonance in the equivalent transmission structure and a half-wavelength or a full wavelength resonance for the final
antenna for 8 mm and 16 mm distance, respectively.

For the antenna, a diameter of 100 mm was selected, and the substrate is placed 4 mm or 8 mm in front of a ground
plane with a simple circular waveguide feed (Fig. 5). In this design, the resonant fields mainly are in air (no
dielectric losses), and the dielectric substrate serves as radom. The substrate is held by a ring at the edge of the
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Fig. 3: Periodic patch array and arrangement for resonance cal culation.
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Fig. 4: Insertion loss of single layer and of resonator arrangement of Fig. 5: Cross section of the novel antenna. Periodic
two layers. Substrate thickness 3.18 mm, dielectric constant 2.2, structure asin Fig. 4, distance of layer above ground 4 mm
patch size 3.4 mm x 3.4 mm, cell size 3.6 mm x 3.6 mm, distance of and 8 mm, antenna diameter 100 mm.

layers 8 mm and 16 mm.



3. Results

The radiation diagrams of the antenna as described above were measured at different frequencies and for ground
plane distances of the substrate of 4 mm and 8 mm. The E-plane and H-plane radiation diagrams for 4 mm distance
at 36.1 GHz are plotted in Fig. 6. 3 dB beamwidths of 11.5° and 10° for E-plane and H-plane, respectively, can be
0 found. Some asymmetry and a relatively high sidelobe level
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Fig. 6: E-plane (solid line) and H-plane (dotted line)
radiation diagrams of an antennawith 4 mm substrate

diagrams with two separate main lobes occur, typical for
leaky waves traveling in different directions. Impedance
matching of the antenna was done with an iris in the feeding

waveguide closely behind the feed aperture (Fig. 8).

To provide a some means of calculating this kind of antenna,
a first brut-force calculation based on a commercial finite
integration method [10] was performed. Theoretical radiation diagrams — at least in the E-plane — agree well with
measurement (Fig. 7; a dight frequency shift, however, was found between theory and experiment). Maximum gain
was calculated to 27.5 dB which compares well with a measured maximum value of 26.3 dB (Fig. 9) and avalue of

26.8 dB calculated from the popular approximation G = 27000/(AG A®).

As the transmission properties of the periodic structure printed on the antenna substrate change only moderately
with frequency (Fig. 4), this antenna can be tuned over frequency by simply adjusting the distance of the substrate.
Distances of 8.5 mm and 7.5 mm yield operating frequencies of 34.5 GHz and 39 GHz, respectively, partly with
and adjustment of the input matching.

distance.
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Fig. 7. E-plane and H-plane radiation diagrams of the PBG antenna according to Fig. 5 with 8 mm ground plane distance,
frequency 37.1 GHz compared to afull-wave calculation (frequency of the full wave caculation was 37.5 GHz).

4, Conclusion

A first design and test is reported of a novel antenna based on a printed periodic structure placed 4 mm or 8 mm
above a ground plane with a circular waveguide feed. Good radiation performance can be stated in a 300 MHz
bandwidth. With the present design, a beamwidth of 7° to 8° or an effective radiating aperture of about 65 mm are
found for the antenna of 8 mm depth. The described principle is being improved and extended to structures



according to Fig. 10. These allow an automatic adjustment of the distance between periodic structure and ground
plane. In addition, improved feeding arrangements for better return loss will be investigated.
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Fig. 8: Return loss of the antenna with 8 mm ground plane  Fig. 9: Measured gain (dots) of the antenna with 8 mm ground
spacing (including matching). plane spacing. (The solid line is a polynomial interpolation of

the measured values).
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Fig. 10: Alternative antenna arrangements.
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