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AN INTEGRATED ANTENNA
FOR NON-RADIATIVE DIELECTRIC WAVEGUIDE
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Engineering, University of Pretoria, Pretoria, South Africa.

Abstract: An antenna for integrated use with the Non-Radia-
tive Dielectric Waveguide is described. The polyrod radiator
is fed by a dielectric waveguide which extends without inter-
ruption from the NRD. A tapered section is used to accomplish
both impedance and mode matching.,

I INTRODUCTION

The Non-Radiative Dielectric Waveguide (NRD-quide) described by
Yoneyama, Nishida and co-workers [1]1-[3] is a recent development
in the field of microwave integrated circuits that holds great
promise for practical applications [4]),[5). In order for an inte-
grated system to be practical, it must employ antenna systems
that arve directly compatible with the technology used. Up to the
present only the basis for a leaky wave antenna [4] and the de-
sign of an antenna array in NRD-guide [6],[7] has been described
in the literature. 1In this paper a novel way of inteqgrating a
dielectric rod antenna directly into an NRD-quide is described.

11 PHYSICAL DESCRIPTION

Fig.l shows an oblique view of the complete antenna. The
NRD-quide 1is terminated in a transitional taper which is used to
transform the NRD-mode to that of a free dielectric waveguide. In
this area the dimensions of the Polypenco 0208.5 dielectric are
held constant at 15x19.16 mm while the gaps between the dielec-
tric and the metal walls are increased. Finally, the dielectric
wavequide is terminated in a dielectric rod antenna.

III THE TRANSITION

The cross section of the gquide in the transitional area is shown
in Fig.3. By making use of the method of effective dielectric
constants, [3], the wave number, k_, can be calculated by first
solving two sets of transcendental eauations. From this the guide
wavelength and wave impedance can be easily obtained.

In the present case, the wave impedances at the extremities of
the taper, i.e. where the gap between the dielectric and the
metal sidewall equals zero and infinity respectively, are 474.5
and 195.6 oOhms. This represents a return loss of 7.6 dB and if a
matching taper of 3@ dB return loss is employed, will yield an
overall return 1loss of 37.6 dB. Using the method described by
Hecken [8], the necessary impedances 2Z(f{) for equal electrical
spacing £ was determined.
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The total length of the taper is 4.7533 radians at 9.8 GHz and it
is divided into 20 equal electrical intervals [9]. The variation
of impedance level alonq the taper is shown in Fig.2.
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IV THE ROD ANTENNA

The dielectric vrod antenna was designed in accordance with the
procedure described in [16). At the design frequency of 9.5 GHz,
the freespace to quide wavelength ratio is 1.89 which is very
close to the optimal of 1.1. At the end of the rod, the dimen-
sions are ~calculated to be 7.5x7.5 mm for a unity wavelength
ratio. The total antenna length was made 120 mm.

V MEASURED RESULTS

The return loss performance of the NRD-quide when terminated in a
matched load [7]),[9]) is shown in Fig.4 as a broken line. The
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performance without the taper is shown as a dotted line, and the
return loss at 9 GHz is almost exactly equal to the 7.6 4B predic~
ted. When the taper is fitted, the total return loss is only
slightly above the level of the termination. Using the
termination as a calibration, the return loss of the transition
plus dielectric rod is calculated to be between 38 and 48 4B over
the range 9 to 106 GHz.

H-Plane radiation patterns at 9.0, 9.5 and 10.0 GHz avre shown in
Fig.5(a) while the E- and H-plane patterns at 9.5 GHz are shown
in Fig.5(b). Note the degradation caused to the radiation pattern
if the matching taper is removed.The gain was measured as 15.9 dR
which is virtually the maximum that c¢an be expected from an
antenna of this size.
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VI CONCLUSION

The dielectric rod antenna that has been described offers
excellent performance for cases where modest gain is required and
an integrated construction is desired.

ACKNOWLEDGEMENT

The author wishes to express his sincere appreciation to
W.Wibbelink and J.Brand for the manufacture of the prototype
antenna, and J.H.Cloete and I.E.Losch for their valued comment.

REFERENCES

f1) T.Yoneyama and S.Nishida,"Non-Radiative Dielectric Waveguide
for Millimeter-Wave Integrated Circuits”,IEEE Trans. Micro-
wave Theory Tech., vol.MTT-29, no.l1,Nov.1981, ppl188-1192.

(2] T.Yoneyama, M.Yamaguchi and S,.,Nishida, "Bends in Nonradiative
Dielectric Wavequide",IEEE Trans. Microwave Theory Tech.,
vol .MTT-328, no.l2, December 1982, pp.2146-21540.

f3) T.Yoneyama, S.Fujita and S.Nishida,"Insulated Non-Radiative
Dielectric Waveguide for Millimeter-Wave Integrated Cir-
cuits, "1EEE Trans. Microwave Theory Tech., vol.MTT~-31,
no.12, December 1983, pp.1062~-1008.

[4) A.Sanchez and A.A.Oliner, "Microwave Network Analysis of a
Leaky-wave Structure in Nonradiative Dielectric Waveguide,”
1984 1EEE MTT-S Digest, pp.118-12@.

(5] A.A.Oliner,"Historical Perspectives on Microwave Field
Theory”, IEEE Trans. Microwave Theory Tech., vol.MTT-32,
no.9, September 1984, pp.1022-1045.

6] J.A.G.Malherbe,"The design of a Slot Array in Non-Radiating
Dielectric Wavegquide. Part I: Theory", IEEE Trans. Antennas
Propagat., vol.AP-32, no.l12, December 1984.

(7] J.A.G.Malherbe, J.H.Cloete, I.E.Losch, M.W.Robson and
D.B.Davidson,"The Design of a Slot Array in Non-Radiating
Dielectric Wavegquide. Part II: Experiment”,IEEE Trans. An-
tennas Propagat.,vol.AP-32, no.l2, Dec.1984.

{81 R.P.Hecken, “A Near-Optimum Matching Section Without
Discontinuities",1EEE Trans. Microwave Theory Tech.,
vol.MTT-20, no.ll, November 1972, pp.734-739.

9] J.A.G.Malherbe, J.H.Cloete and I.E.Losch,"A Transition from
Metal to Non-Radiating Dielectric Waveguide”,1984 MTT-S
Digest, pp.205-2¢8.

[18] vY.Shiau, “Dielectric Rod Antennas for Millimeter-Wave
Integrated Circuits”, IEEE Trans. Microwave Theory Tech.,
vol .MTT-24, no.ll, November 1976, pp.869-872.

_7—




