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ABSTRACT

Slots in the ground plane of dielectric image lines are investigated as new circuit elements. This configura–

tion has attrated attention for two applications: The dielectric image line above the slot can be designed to act

as a shielding, thus reducing radiation losses if a diode is mounted above the slot e.g. in a detector- or mixer-

circuit. On the other hand, similar to slots in metal waveguides, slots in the ground plane of dielectric image

lines can be designed for antenna applications and even for nonradiating filter-structures.

Introduction

In recent years several components for use in die-

lectric i age line integrated circuits have been deve–
~opedl ,2 ,?

It is now clear that radiation losses play

a major role in the performance of dielectric waveguide
circuit_e1ements4 ,5

. To reduce the radiation losses in

oscillator- and mixer circuits, as a consequence, modi-

fied metal waveguide mounts have been proposed with

horn-sections to couple to the dielectric waveguidel.

On the other hand it has been found that antenna struc-

tures are particularly easy to reali~e7using disconti–

nuities in the dielectric waveguides # .

In this contribution slots in the ground plane of

dielectric image lines are investigated as a new type

of circuit elements. These configurations have attrac-

ted attention since the dielectric layer above the slot

can be designed to act as a shielding, thus reducing

radiation losses e.g. in detector- or mixer-circuits.

Nevertheless, similar to slots in metal waveguides,

slots in the ground plane of dielectric image lines can

be designed for antenna applications and even non-

radiating filter-structures.

Slots as Circuit-Elements

In Fig.1 three different applications of slots in

the ground plane of dielectric image lines are sketched.
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Slots in the ground plane of dielectric image

lines employed as mode launcher (a) , discontinui-

ty element (b) and for the integration of a semi-

conductor device (c) .

In Fig.l (a) a slot is shown acting as a mode launcher.

In Fig.1 (b) the configuration used in filter- and

antenna-circuits is shown and in Fig.l (c) a slot in the

image plane of the dielectric waveguide is used to inte-

grate a semiconductor device.

Two basic types of slots have been investigated,

namely the transverse and the circular slot. These

slots may either be machined in a solid metal ground

plane or may be etched in the metallization layer, if

a metallized dielectric substrate is used as the ground

plane.

The transverse slot has been investigated analyti-

cally employing a planar resonator model, i.e. the

finite width of the slot and the dielectric image line

have been neglected. The circular slots have been

investigated experimentally only, since the basically

two-dimensional slots do not lend themselves to a planar

model.

It has been found that the narrow transverse slot

in a first approximation can be described as a junction

of the dielectric image line and a waveguide extending

from the slot into the ground plane, Fig.2. This wave-
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Fig.2: Approximate equivalent circuit representation of

a slot in the ground plane .
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guide can be short-circuited, as in the case of the

configuration in Fig.l (b), or it can be terminated by

a matched source, Fig.l (a) , or it represents the possi-

ble propagating waves in the substrate material. The

stored energy in the slot is represented by the capaci-

tor Cs and the power radiated into the space above the

dielectric image line is represented by the resistance

R
s“

Although for circular slots the employed theoreti-

cal method is inadequate, the derived basic representa-

tion of the discontinuity in Fig.2 seems to be valid

for this case too. Only the slot waveguide is of cir-

cular cross-section in this case and thus it is operated

below cut-off for the fundamental circular waveguide

mode, if only narrow circular slots are employed.

Practical Slot-Circuits

Mode Launcher. As sketched in Fig. l(a) slots can

be used to launch waves on the dielectric image line.

It is clear from Fig.2 that the launching efficiency

depends on the magnitude of the slot radiation resis-

tance R , since this circuit-element represents the

radiati~n losses.

The results of the numerical calculations for the

planar slot model show that R is a function both of

the dielectric constant Er ar,~ of the height h of the

dielectric waveguide. The launching efficiency increa-

ses with the dielectric constant and exhibits a maximum

for h(cr)l/2/XOs0.4, as shown in Fig.3.

Fig.3:

As an example, in Fig.4, a tXaVell@ wave antenna

structure employing a matrix of 5x20 circular slots is

shown . The antenna was designed to yield a low-sidelobe

Fig.4: Photograph of a 5x20-element circular slot tra-

veling wave antenna.

pattern at a frequency of 33 GHz. The dielectric image

line was chosen very broad to excite all the five rows

of slots in parallel, which is a condition for high

directivity in the transverse plane of the antenna

(H-plane). The necessary aperture distribution was rea-

lized by controlling the resistance R of the slots.

This was achieved by tapering the diam~ters of the slots,

while the depths of the holes were chosen large enough

so that the influence of the bottom of the holes could

be neglected (below cut-off waveguide).

The measured sidelobe level near the main beam was

-25 dB and the half-power beam-widths were measured as

6° (E-plane) and 36° (H-plane).

Detector-Circuit. In Fig. l(c) a cross-sectional

view of a detector- or mixer-circuit is shown, where a

slot in the metallization of a dielectric substrate is

employed to couple the diode to the dielectric image

line. The dielectric waveguide is open–circuited at a

quarter-wavelength distance from the slot so that the

current across the slot is a maximum. The diode is con-

nected across the slot so that its im~edance armears

0.25~ / ,’ measured
I

. .

parallel to the slot impedance. Thus, a perfect match
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Measured and calculated launching efficiency of

a slot in the ground plane of a dielectric image-

line.

In an experiment the bidirectional launching effi-

ciency was measured for low permittivity dielectric

image lines (Er = 2.22) and the results were compared

with the theoretical predictions from the numerical cal–

culations in Fig.3. It can be seen that the agreement

is reasonable considering the approximate nature of the

employed theoretical model.

Antenna. As indicated in Fig.l (b) the slot struc-

ture can be used as a discontinuity in the dielectric

image line to produce e.g. filter properties or control-

led radiation if several elements are combined in a

suitable way.

of the diode impedance assumed, the coupling efficiency

of the circuit is determined by the slot radiation re-

sistance, the substrate wave impedance and the reflexion

loss at the dielectric waveguide termination.

The results of numerical calculations for the pla-

nar slot model show that for a highly efficient circuit

a high permittivity dielectric image line with a low

permittivity substrate as ground plane has to be employ-

ed. For the experimental detector-circuit shown in

Fig.5, using an Epsilam-10 (&r = 10) dielectric guide

over an RT/Duroid 5880 (sr . 2.2) substrate, the effi-

ciency was calculated in the order of -1 dB.

In the shown experimental detector-circuit (Fig.5)

for the frequency range 26 to 40 GHz a beam-lead mixer

diode was employed (DMK-6606, Alpha Industries), which

required a bias current to achieve highest sensitivity.

The detector circuit was tuned to 32 GHz by cutting the

dielectric image line termination. The circuit exhibi-

ted a maximum sensitivity of 250 mV/mW including the

losses in the mode launcher and the dielectric image

line.
mane e

tors.

This figure compares quite well

of commercially available metal

with the perfor–

waveguide detec-
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