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A New Leaky Waveguide for Millimeter Waves
Using Nonradiative Dielectric (NRD)
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Abstract — Accurate measurements were taken of the leakage constant
of a leaky-wave structure based on nonradiative dielectric (NRD) wave-
guide in order to verify the theory derived in the companion paper, part 1.
Although the structure is intended for millimeter-wave use, measurements
were made on 2 model scaled to X band (A =3 cm) to improve the
accuracy of the experimental results.

The measurements were taken by probing the electric near field strength
along the longitudinal direction. Comparisons with accurate theoretical
data are presented for different frequencies and geometrical parameters,
and very good agreement is found between the measurements and the
theory.

I. INTRODUCTION

N THE COMPANION paper, part I, Sanchez and

Oliner [1] present an accurate theory for the leakage and
phase constants of a new leaky waveguide based on the
recently introduced nonradiative dielectric (NRD) wave-
guide. This new waveguide is similar to the earlier H
dielectric waveguide except that the spacing between the
two parallel plates is made less than half of a free-space
wavelength to ensure that all discontinuities become reac-
tive. By cutting short one end of the metal plates of the
NRD guide shown in Fig. 1(a), the new leaky waveguide
shown in Fig. 1(b) is produced. The companion paper, part
I, describes the principle of operation of this leaky wave-
guide, outlines its properties as an antenna, derives the
elements of the transverse equivalent network from which
the accurate theoretical results were obtained, and presents
numerical values for the variation of the leakage constant
a and phase constant B as a function of all the geometrical
parameters.

The present paper, part 1, contains a systematic series
of measurements of the leakage constant « for the various
frequencies and geometrical parameters, and compares
those measurements with corresponding theoretical data.
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Fig. 1 (a) Cross-sectional view of nonradiative dielectric waveguide
where a <Ay /2. (b) Cross-sectional view of leaky-wave structure where
leakage is controlled by distance 4.

The purpose of the experimental study described here was
to obtain experimental confirmation of the theory dis-
cussed in part I for the leakage constant of this new leaky
waveguide. With that goal in mind, we designed, built, and
made careful measurements on a X-band (A = 3 cm) model
of the leaky structure that is actually intended for use at
millimeter wavelengths. Some of the important features of
the design of the leaky waveguide and of the measurement
procedure are summarized in Section II. The reason for
employing an X-band model was, of course, to permit
increased measurement accuracy. In addition, a few ex-
perimental points were taken on a smaller structure at a
frequency of 50 GHz at our request and privately reported
to us by T. Yoneyama. His measurements were taken
before the systematic series of measurements made by us
at X-band, and we are grateful to him for verifying the
validity of our theory early on.

The measurements taken by Yoneyama at a wavelength
of 6.0 mm and those taken by us on a larger scaled
structure at wavelengths around 3 cm are all compared in
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Section IIT with our accurate theoretical results. As is seen,
the agreements are very good.

II. LEAKY WAVEGUIDE DESIGN AND
MEASUREMENT PROCEDURE

A. Dimensional Features of the Leaky Waveguide Structure

Although the leaky waveguide structure is intended for
use at millimeter wavelengths, the structure to be measured
was scaled to a wavelength of 3 cm so that it could be
made larger in size, in order to improve the accuracy of the
measured results. The measurements would then be taken
in the range 10-11 GHz. ‘

Before the structure is built corresponding to this
frequency range, we must know which modes can propa-
gate and what their cutoff wavenumbers are. The axially
propagating modes of the NRD guide, before the leakage
mechanism is introduced, are hybrid in the longitudinal
(z) direction but are TE or TM in the y direction, where
the (transverse) y direction is shown in Fig. 1. The stan-
dard mode in the NRD guide is the lowest of the modes
that are TM in the y direction; this mode has a half sine
wave variation in the x direction. The two lowest modes
that are TE in the y direction are one that has no variation
with x(and is actually not hybrid but TE in the z direc-
tion) and one that has a half sine wave variation in the x
direction. It turns out that for guide dimensions a = 0.500
in, b=0.378 in, and €, = 2.56, only these three modes can
propagate; their cutoff frequencies are, respectively, 9.67
GHz, 0 GHz, and 8.74 GHz. We therefore sce that it is
essential in the waveguide design to maintain strict sym-
metry in the construction of the guide and in the excitation
of the desired mode, so that the modes of the other
polarization are never excited.

The manner in which the leaky waveguide structure was
constructed is indicated in Fig. 2, where three orthogonal
views are shown.

A 2-m-long structure was made out of two architectural
aluminum right angles of equal legs for extra rigidity. The
dielectric strip was cut out of polystyrene rod (Stycast
0005: €,=2.56 and tand = 0.0005). The separation be-
tween plates was chosen to be ¢ =0.500 in to cause the
basic guide to be nonradiative (a/A <1/2) in the
frequency range of our measurements, and yet to have low
metallic losses. The dielectric strip thickness was taken to
be b =0.378 in so that only the lowest H-guide mode can
propagate.

Spacers were run across the plates well below the dielec-
tric strip and along the nonradiative aperture side to keep
the separation between plates constant and hold the strip
tightly. The location of these spacers is far enough below
the strip so that waveguidance remains unperturbed on
this side of the leaky structure. We-may also see from the
side view in Fig. 2(a) that the structure allows one to
change the relative position and the curvature of the
dielectric strip between the parallel metal plates.

Fig. 2(c) also shows the transition sections associated
with the feed and the termination; these sections are
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Fig. 2. Three views of the experimental leaky-wave structure showing
all relevant dimensions and details of the feed and termination struc-
tures. (a) Side view. (b) Cross-sectional view of the middle part of the
leaky-wave structure. (c) Top view.

tapered to improve their bandwidth. The transition section
was designed to provide a smooth field pattern trans-
formation and to prevent the excitation of other modes. It
was made by copper electroplating techniques, having a
tapered end (in scissors-like form) which can be put inside
the parallel plates. The other end has a standard rectangu-
lar waveguide cross section, and the middle portion is a
tapered rectangular waveguide. The end of the dielectric
strip is also tapered.

B. The Experimental Method and the Measurement Setup

The block diagram is shown in Fig. 3.

The experimental setup consists of the following items:
a detachable leaky waveguide section, two transition wave-
guide sections, a movable electric-field probe detector, and
a conventional 3-cm band measurement setup.

The experimental method proceeds by moving the probe
detector parallel to the z direction above the central line
on the surface of the dielectric strip, and obtaining the
field distribution along the z direction. The average slope
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Fig. 4. Typical semilog plot of the measured probe pickup as a function
of position along the length of the radiating aperture. A separate plot
of this type was obtained for every frequency and every change in
guide dimensions.

(in a semilog plot) of the measured field distribution (in
dB) versus z (in meters) yields the total attenuation con-
stant a,. If &, is the measured value of the transmission
loss without any leakage, then a,— «; is the measured
value of the leakage constant « in dB/m. The value of «,
is obtained by measuring the loss in a nonradiative dielec-
tric waveguide using the same dielectric strip but with very
wide parallel plates so that no leakage can occur.

In the block diagram of Fig. 3, the signal source is a
square-wave modulated reflex klystron, which sends the
power through a precision attenuator of the standard
rotary vane type, from which the relative field distribution
is read. The diode detector, calibrated to a square-law
response, sends its output to a standard standing wave
indicator amplifier to yield a suitable dB value reading.

The electric probe is a miniaturized coaxial line with an
extended inner conductor; the outside diameter of the line
is about 1 mm. Its outer surface is coated by absorbing
material to reduce unnecessary radiation and reflection of
waves passing through it. The probe is mounted on a
movable rack mechanism that maintains the distance be-
tween the probe tip and the strip surface to within 0.001 in
as the probe moves along the z direction.
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Fig. 5. Leakage constant a in dB/meter of the leaky-wave structure in
Fig. 1(b) as a function of the distance d in mm between the dielectric
strip and the radiating open end. Measurements taken by T. Yoneyama
are also presented here.

TABLEI
MEASURED INTRINSIC LOSS (METAL AND
DieLECTRIC) OF NRD WAVEGUIDE
STRUCTURE WHEN LEAKAGE 15 PREVENTED

freq.
(GHz) | 10.2 10.4 10.6 | 10.8

o
(dB/m) 2.3 2.5 2.7 2.9

Fig. 4 presents a typical measured field distribution in
the form of the semilog plot discussed above. There is a
certain amount of ripple in the field distribution graph due
to spurious reflections near the probe region. These ripples
are not regular, and they cannot be eliminated entirely.
However, the straight line that must be drawn through the
average of the curve can be determined quite accurately.

1I1I. EXPERIMENTAL RESULTS AND COMPARISONS

WITH THEORY

Fig. 5 presents the leakage constant a as a function of
d, the distance from the air—dielectric interface to the
upper end. The results on this figure correspond to a set of
geometric and constitutive parameters given by Yoneyama
and Nishida in their original paper [2] on NRD guide. The
theoretical curve on this figure is the same as that on Fig.
8(b) in part I. On Fig. 5 several experimental points have
been plotted that were taken at 50 GHz. These points have
been privately supplied by T. Yoneyama and obtained by
probing the field with a unipole antenna along the aper-
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Fig. 6. Comparisons between our measured results and our theoretical calculations using the expressions derived in part I for
the leakage constant a versus d at the frequencies (a) f =10.2 GHz, (b) f =104 GHz, (¢) f =10.6 GHz, and (d) f=10.8

GHz.

ture. One can see that the experimental points follow the
trend of the theoretical curve and that some of them agree
quite well with it.

Our measurements of the leakage constant « as function
of d were taken on a structure scaled to X-band. The

values of plate separation a, dielectric strip width b, and
relative dielectric constant e, were maintained the same
throughout the measurements; these values are a = 0.500
in, b=0.378 in,and ¢, =2.56. The different values of d
were d = 0.150, 0.200, 0.250, 0.300,and 0.378, all in inches.
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For each value of d, measurements were made at several
frequencies. ,
For each of these cases, probe measurements were made
as a function of the distance along the structure, and a plot
similar to that in Fig. 4 was obtained. As explained above,
the value of a was then determined from the slope of the
straight line through the average of the curve. However,
the intrinsic loss, comprised of the metal and dielectric
losses, must be subtracted from the « determined from the
plot in order to obtain the leakage loss itself. This intrinsic

loss was measured for each frequency, following the method

described above. Table I shows the intrinsic losses at 10.2,
10.4, 10.6, and 10.8 GHz. In the values for a reported
below, therefore, the intrinsic loss values have already been
subtracted from the directly measured ones.

In Fig. 6, we present comparisons between theoretical
curves and these measured results. The solid lines in these
figures all represent numerical data computed using the
almost-rigorous theory derived in part I; the measured
points are indicated by x’s. In each figure, the leakage
constant « is plotted as a function of the distance d;
the different figures correspond to different values of
frequency.

The agreement is seen to be very good over the whole
range of values of d and over all the frequencies. The
theory is essentially rigorous and systematic care was taken
with respect to the measurements, so that the agreement
found is not surprising but very gratifying.
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