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higher-order mode dielectric resonator antennas"

The dissertation of ing. Michal Mrnka, entitled "Perforated dielectrics and higher-order
mode dielectric resonator antennas" deals with the problem of enhancing gain of dielectric
resonator antennas (DRA) and DR antenna arrays. Dielectric antenna is a promising radiating
element for future milliliter wave communication systems, so the topic is of practical importance.
Using dielectric resonators as a radiating element is not a new concept, but the topic has not been
adequately investigated to date. Most of the results in the open literature concern DRAs operating
with a low-order mode, however the research data on the radiation emanating from higher-order
modes in dielectric resonators is lacking, and thus the design procedures for DR antennas and
antenna arrays and practical limits of the devices using these elements are unknown. The thesis
tries to fill this gap by comprehensively treating a single DRA operating with a higher-order mode,
the investigation of the coupling between DRAs operating with low- and high-order modes, and
considering perforated dielectric materials that are attractive from the point of view of the ease of
manufacturing and integration. The findings reported in the thesis are mostly original and they are
derived by a variety of techniques including thorough and systematic numerical simulations and
theoretical considerations thus showing the author's research skills. The most valuable results
are related to higher-order modes for gain enhancement, mutual coupling between higher-order
mode DRA elements, perforated dielectrics and DRAs using perforated substrates.
The thesis consists of 5 chapters.

Chapter 1 gives a very good overview of the state-of-the art and shows that the author is
aware of the most recent developments related to DRAs. Based on this overview he identifies the
shortcomings and limitations of the solutions described in the open literature. The chapter
demonstrates the author's competence In studying, understanding and assessing the research
results published in scientific literature. Based on the critical assessment of the state-of-the art,
Mr Mrnka correctly defines the research objectives that address open issues he identified. These
research objectives are given in chapter 2 and they are related to 1) enhancing the gain of a
single element DRA by exciting a higher-order mode, 2) the characterization of the mutual
couplings in E and H plane between two DRAs operating with low-order and higher-order modes,
3) the characterization of the dielectric properties of perforated dielectric substrates and
investigation of the possible application of this type of material for antenna integration and the
construction of DRA arrays.

In Chapter 3 the author undertakes systematic numerical studies investigating the
influence of the heighVwidth ratio and the finite ground size on various DRA parameters including
the return loss, maximum gain and side lobe levels when using dielectric resonators operating
with a higher-order mode for gain enhancement. To this end, he uses different numerical models
providing different degree of accuracy. Based on simplified models, a final study is performed of
maximum gain and the lowest side lobe level for a single rectangular (square) DRA with a finite
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ground plane, fed by a microstrip line. The designed antenna was fabricated by stacking up a few
layers of low-loss dielectric substrate. Similar studies were performed for a cylindrical DRA. The
fabricated antennas showed reasonable agreement of measured characteristics with simulations
thereby confirming the adequacy of the studies performed and models used. For further gain
enhancement the author intruded an air gap between the DRA and the substrate. This in fact has
led to new findings because to date the air gap was thought to improve the bandwidth and
decrease the gain. The author showed that by carefully engineering the gap the gain of a DRA
operations with a higher-order mode can be actually increased. These findings are corroborated
by numerical studies and measurements in whlch the gain of an elevated DRA is seen to increase
by over 1dB with a simultaneous decrease of size lobes. The last deign considered in this chapter
is a cylindrical DRA for millimeter waves, fed by a SlW. In this case, the dielectric puck was
fabricated with the LTCC technology. The measured results agree very well with theoretical
predictions confirming the validity of the concepts and studies presented in the chapter.

With the high gain antennas in mind, the next step in achieving this goal is the application
of antenna arrays with a higher-order DRA used as a radiating element. However, forming an
ar'ly means that radiation elements have to be put in proximity. This implies the presence of
mutual couplings, which deteriorate the performance. This coupling effect cannot be mitigated by
increasing the separation because of diffraction effects. Chapter 4 brings a detailed study of the
mutual coupling for E and H plane arrangements of DRAs as a function of separation. While the
effect is well studied for low-order modes (eg. TE1 1 1), the coupling occurring for higher-order
operation, that is of interest due to higher gains, lacks data. The author considers three higher
order modes attractive for high gain antennas - TE133, TE113, TE1 15 revealing, through
numerical studies confirmed by experiments, that while the former mode exhibits coupling similar
to the low-order TE1 11 mode, the latter two give significant better field separation for both E and
H plane and thus are attractive for high-gain compact DRA arrays.

Chapter 5 addresses another important aspect related to the fabrication of DRA and DRA
arrays. Inaccuracies in fabrication and radiating element assembly is one of the limiting factors
impeding the widespread use of the DRA arrays. Perforated dielectrics alleviate the problem and
also can increase or reduce the inter-element couplings. Therefore is important to be able to
develop accurate models of the effects of perforations on the physical properties of the media so
that the effects can be studied. Existing models assume homogenization and isotropy of the
resulting equivalent dielectric material. Mr Mrnka develops in chapter 4 a new model assuming
the perforated dielectric can be treated as an equivalent medium exhibiting anisotropic (uniaxial)
properties. This model is verified by various types of numerical simulations that are found to agree
well with the Maxwell-Garnett formulas. These studies are then applied in the context of DRAs
with perforated substrates by first studying the surface wave propagation on a dielectric slab and
verifying the adequacy of the static-case derived formula for TE and TM mode propagation, and
then by the investigation of a single and a pair of DRAs embedded in a perforated host. This is
an important issue, as embedding a radiating element in the host medium allows for the
integration and simplifies the manufacturing process. The main findings in this regard are related
to the control of the resonant frequency of the antenna by adjusting the perforation in the
surrounding medium, and to the limitation introduced by integrating antennas within perforated
substrates on the array size and radiating element separation. For larger separation, increased
coupling due to surface wave propagation has been identified as a main drawback of this
approach.

The dissertation ends with conclusions that summarize the main results. The list of
references consists of 138 items, and covers both historic work and up to date papers published
recently.
Remarks
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Ch. 3 Infinite ground plane - the computational model is not clear. This problem could be
analyzed by means of the integral equation. lt is not immediately seen that FDTD with PML was
used. Suggestion - for 3.1.6 and 3.2.1 -since a numerical eigenvalue solver is used for finding
resonant modes, the model can be made more accurate by introducing a magnetic wall in the
ground plane for representing the slot region - the model would then involve the magnetic walls
on the upper and side walls of the resonator and the electric wall with a magnetic wall in the slot
region at the bottom wall of the resonator. While this configuration does not have an analytical
solution, a numerical solver can handle it easily.

Chapter 5 - the discussion of the models and various simulation scenarios is too detailed
and too wordy. Some of the derivation are quite standard and could be placed in an appendix -
this would increase the readability of this chapter.

I noted a few editing errors that could be avoided by more careful proofreading
Notwithstanding the remarks above, the dissertation demonstrates clearly the author's

good understanding of the phenomena, in-depth knowledge of the state-of-the art and his ability
to identify shortcomings of the existing solutions and propose new ideas overcoming these
shortcomings. The advantages and limitations of these new concepts are then demonstrated
through various means: theoretical analysis, detailed numerical studies involving different types
of models, and through experiments. The thesis provides new findings that are an important
contribution to the field: the theory and techniques of high-gain DRA and DRA arrays. The
reasoning is very clear, the examples convincing and the results show the improvement with
respect to the state-of-the art. Through the study presented in the thesis Mr Mrnka demonstrated
his qualification to conduct the research at the PhD level.

In my opinion the thesis meets the standards usually required or awarding a higher
academic degree. The quality of the results and the methodology used correspond to international
standards. Regarding the publication record - undoubtable the most valuable is the publication
entitled "Enhanced-Gain Dielectric Resonator Antenna Based on the Combination of Higher-
Order Modes "in the IEEE Antennas and Propagation Letters. This publication. in a research
journal that is considered to be number 2 in the area of antennas engineering, reports one of the
main findings of the thesis. This also confirms that the PhD research of Mr Mrnak resulted in
valuable and original results that contribute to development of the state-of-the art.

To conclude, I recommend the thesis to be accepted by the Faculty as an evidence that
the author has attained the qualifications needed to obtain a degree of a doctor of technical
sciences.

Sincerely,
' l:. -'t-

MichalMrozowski, Ph.D
Professor, Fellow IEEE
Gdansk University of Technology, Poland
Tel: (48) 583472549
m.mrozowski@ ieee.org
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