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Abstract — The novel design of the structure for mm-wave
applications based on inverted strip dielectric waveguide is
presented. Frequency dependences of VSWR and attenuation as
well as near-field structure, radiation patterns have been
experimentally obtained. Optimal type of feeding is discussed.
Certain attention is paid to the influence of additional structure
elements on its performance as radiating structure.

Keywords — antenna radiation patterns, surface waves,
leaky-wave antennas, dielectric materials.

I.  INTRODUCTION

Millimeter band developing is known to be one of the most
promising challenges in modern communication technologies.
Being the basis for beyond 5G networks operation, it also has
wide scientific and military applications. However, the use of
traditional transmission lines turns out to be quite difficult in
this frequency band. In this case, dielectric waveguides
demonstrate obvious advantages, such as simple fabrication
with real tolerances, possibility of complex units manufacture,
including in mass production [1 — 5].

Though there is wide diversity of their existing
implementations, the searching for new design solutions in
order to achieve characteristics improvement remains of great
importance [6, 7]. The modifications with fundamentally
different properties in comparison with the well-known ones
are especially important. Considerable change in insertion loss
provided by various modifications leads to their possible use
as an element of specific millimeter wave devices. Metal plane
in dielectric waveguide design significantly expands its
possible application. For example, coupled inverted strip
dielectric waveguide, considered in [8, 9], can be the basis for
filters, couplers, etc.

In [10], the design of an inverted strip dielectric waveguide
(ISDW) has been presented for mm-wave IC application. This
modification has an advantage, that consists in radiation and
propagation losses decrease due to dielectric plate position and
elimination of one of the dielectric layers respectively.

Especial attention has to be paid to leaky-wave antennas as
one of the most promising radiating structures able to operate
in millimeter band [11-14]. They can be implemented through
altering the inverted strip dielectric waveguide structure by
using additional elements, e.g. slots, metallization, other
metal-dielectric elements, etc.

This paper presents new modification of ISDW able to
effectively serve as a leaky-wave antenna in millimeter band
and to be integrated into the standard transmission line. The
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key features of proposed structure consist in insertion of
periodically placed nine additional dielectric rods as well as
using special type of excitation.

II. STRUCTURE UNDER STUDY

The proposed structure is presented in Fig. 1, which has
the following notations: 1 — metal plane, 2 — dielectric
waveguide, 3 — dielectric plate, 4 — sequence of periodically
placed auxiliary dielectric rods with metallized top face.

Fig. 1. Schematic sketch of the structure.

Each auxiliary rod has dimensions axbx!/ . L and & are
period of rods placement and thickness of dielectric plate
respectively. Special configuration of structure under study
requires certain ratio between permittivity of the main
dielectric rod and dielectric plate, according to which the plate
permittivity has to exceed the rod permittivity.

In order to carry out the experiments for obtaining all the
necessary characteristics, an experimental model has been
created. Period of additional rods placement and the
wavelength satisfy the resonant condition. Dielectric plate and

auxiliary rods are made of glass ceramics (&, =9.8), while

the main dielectric rod is made of fluoropolymer (g, =2.1).

The main dimensions are follows: the plate and rod
dimensions are 60x48mm and 7.0x3.05mm respectively,

a=b=2mm,l=16mm, L=4mm, h=1mm.
III. RESULTS OF THE STUDY

A. Matching

Great attention has to be paid to the way of structure
feeding, since it as well as matching with external circuits
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determine the structure performance. Investigations [11]
revealed the advantages of using the truncated pyramid as a
shape of the ends of dielectric rod waveguide instead of
conventional pyramid. Both of them are presented in Fig. 2.

Since there is possible inaccuracy occurrence during object
manufacturing, such as differences in metallization, in rods
placement, presence of material inhomogeneities, etc., each
additional element can cause matching worsening.

—

I I
I I
| I
| 1
Fig. 2. Shape of dielectric rod ends.

Fig. 3 shows the frequency dependence of VSWR value
obtained experimentally.
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Fig. 3. Frequency dependence of VSWR (4 = 1mm) .
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Fig. 4. Frequency dependence of VSWR (4 = 0.5mm) .

Considering frequency range 26.5 — 35GHz , it can be

noticed that VSWR in general is less than 1.92, except
27.9 — 28.425GHz , which means that the matching within

this wide range is acceptable. The lowest VSWR is observed
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within 29.313 — 29.755GHz , where it has values less than 1.2.
Besides, there is another region 32.934 — 34.187GHz , where

VSWR does not exceed 1.27.

In order to evaluate the influence of dielectric plate
thickness change on the operational characteristics, similar
experimental model with 4 =0.5mm has been created. VSWR
behavior of this structure is shown in Fig. 4.

As can be seen from the graph, the minimum VSWR value
is 1.14 instead of 1.2 in previous case and in general it does
not exceed 1.86.

Let us consider the frequency dependence of attenuation of
the first model, presented in Fig. 5

dB
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Fig. 5. Frequency dependence of attenuation (7 = 1mm) .

The first noticeable feature is oscillatory behavior of this
dependence. Moreover, there is certain similarity with
response of band-pass filter at 26.25 — 27.71GHz . Left and

right roll-offs are symmetrical with the width AF = 0.54GHz .
Within the whole frequency range under study, minimum
absolute attenuation value is —5dB , and maximum value
equals —26.2dB .

Analogous dependence has been obtained for the second
model. It is shown in Fig. 6. Obviously the maximum and
minimum value of attenuation remains almost the same as in
previous case, but general behavior slightly changes. Maxima
are located more uniform and have the same peak value.

w,dB
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Fig. 6. Frequency dependence of attenuation (4 = 0.5mm) .

Analysis of obtained dependences of VSWR and
attenuation proves possible radiation into free space, the
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maximum efficiency of which will be observed at the
frequency of these characteristics minimum.

B. Near-Field Structure

Another important problem is near-field structure
measurement especially near various inhomogeneities, since it
enables to make a mode classification and to study the
interaction between structure elements and propagating
electromagnetic wave.

Fig. 7 shows the result of near-field structure measurement
at the frequency f = 29,34GHz . The moving probe method

has been used during an experiment. Obtained results are
normalized to general maximum.

Y, mm
48

Input

0 5 10 15 20 25 30 35 40 45 50 55 60

Fig. 7. Near-field structure (4 = 1mm) .

According to this pattern, the surface wave is excited in the
dielectric plate. Measurements demonstrate uneven amplitude
distribution over the auxiliary rods. The maximum amplitude
is observed near the last rod, which can be explained by short-
circuit operation mode.

Fig. 8 is given as an example of possible effects of
changing the configuration of proposed structure. Obviously,
surface wave is exited in this case much more effectively than
in previous one.
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Fig. 8. Near-field structure.

C. Radiation Pattern

After choosing the most suitable frequencies according to
previous dependences, the radiation patterns has been
measured in in short-circuit mode and normalized to general
maximum. Fig. 9, 10 present the radiation patterns of
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experimental models with h=0.5mm and
h =1mm respectively in 26.6 — 26.96GHz . In Fig. 10: 1-
F =26,9606GHz , 2 —F =26,8219GHz, 3 —F =26,637GHz .

fi —— 26,604 GHz
" 09 —— 28,8185 GHz
—— 25,9505 GHz
0,8+
0,7
0,6
0,5
0,4
0,3
02|

0,14

0.0

005 —— : T —— —
80 60 40 20 0 20 40 60 80§

Fig. 10. Radiation patterns at 26.6 — 26.96 GHz (h =1mm) .

Comparison of presented graphs shows that even
0.5mm thickness increasing leads to significant change in
radiation pattern shape, namely the appearance of an
additional lobe at @=-60° and another lobe shift

from 50° to 60° .

The radiation patterns of structure with A =1mm at
frequencies 1 — F=293GHz , 2 — F=29.75GHz , 3 —
F =29.75GHz are presented in Fig. 11.

T T T T T U o

80 60 40 20 0 20 40 60 80 0
Fig. 11. Radiation patterns at 29.25 — 29.88GHz (h = lmm) .
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Fig. 12. Radiation patterns at 32.934 — 34.187GHz (h =1mm) .

These patterns are single-lobe, however, when frequency
approaches the edges of the range with good
matching (VSWR < 1.27) , the pattern shape becomes

extremely deformed and radiation weakens.
Within frequency region 32.934 — 34.187GHz , VSWR

dependence is smooth, and attenuation at the edge frequencies
is lower than —22dB . The radiation patterns for this range is
shown in Fig. 12: 1 —F =32.97GHz , 2 - F =33.8GHz, 3 —
F =34.16GHz .

IV. CONCLUSION

Experimental results demonstrate the possibility of
proposed structure, made as a combination of inverted strip
dielectric waveguide and periodically located additional
partially-metallized dielectric rods, ability to be integrated into
the standard transmission line for mm-wave applications. The
possibility of this structure to operate as a leaky-wave antenna
should be taken into account. Controlling the shape of
radiation pattern turned out to be possible through altering the
parameters of structure and its elements, such as dimensions,
period of auxiliary rods placement, their number and
orientation of metallized face. For this reason, it is necessary
to keep experimenting with different structure parameters in
order to achieve the best possible performance.
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