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Abstract. The current decade is associated with the start of active deployment and use of
fifth generation networks, while the ongoing developments in the sixth generation communica-
tion technologies should be finalized in the upcoming decade. It is forecasted that sufficiently
directive wireless transceivers will become integral parts of the next generation wireless com-
munication systems. In this study, we report on the development of a low-cost millimeter wave
dielectric antenna with nearly symmetric beam. The antenna makes use of a dual-stage dielec-
tric multimode interference power divider terminated by 16 dielectric tapers with flare angles of
6—12°. It is designed for operation at frequencies of 50—77 GHz. The design is developed for
fabrication by the means of printed circuit board prototyping machinery from high-permittivity
laminates and, therefore, is compatible with the Si platform for solid-state electronics and in-
tegrated photonics. The fabricated antenna samples exhibit half-power beamwidths of 27° with

corresponding side lobe levels of approximately —10 dB, as measured at 52 GHz.
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Annoramusg. Tekylee AeCITUICTHEC CBSI3aHO C HAYaJloM AKTMBHOIO pa3BePTHIBAHUS W
HCITOJIb30BAHUSI CETEM IISITOrO TMOKOJIEHWsSI, TNPU 3TOM TEKyIIue pa3paboTKM B o0sacTu
KOMMYHUKAIIMOHHBIX ~ TEXHOJOIMI  IIECTOr0 IOKOJCHMSI JOJDKHBI — 3aBEepPIIMTbCS B
omxaiinee aecaTuwieTue. [IporHo3upyeTcs, YTO JOCTAaTOYHO HampaBiIeHHBIE OECIIPOBOIHBIC
TpUeMoIIepeIaTYNKMI CTAHYT HEOTHEMJIEMOI YaCThIO CUCTEM O€CIIPOBOIHOM CBSI3U CJIEAYIOIIEeTO
MoKojieHusi. B 3ToM wucciaemoBaHMM MBI cOOOIIaeM O pa3paboOTKe AUDJIEKTPUIECKON
AHTEHHBl MWJUIMMETPOBOTO JMAIla30HA BOJH C IIOYTM CHUMMETPUYHBIM IIyuykKoMm. B
AHTEHHE MCII0JIb30BaH IBYXKACKAIHBINA AMIJICKTPUYECKUIA NEIUTE]b MOIIHOCTU Ha OCHOBE
MHOTOMOAOBOI MHTepdepeHIIMM, OKaH4YMBAIOIIMiica 16 AURIEKTPUYCCKUMU KOHyCaMU C
yriaaMu pactBopa 6—12°. AHTeHHa npegHa3HayeHa I paboThl Ha 4vacrtorax 50—77 I'Tw.
KoHcTpyKkIusg pa3padoTraHa MOCPEACTBOM MPOTOTUITMPOBAHMS TECYATHBIX TUIAaT M3 JJAMWHATA C
BBICOKOI TU2JIEKTPUUECKON TTPOHUIIAEMOCTBIO 1, CJIeIOBaTeIbHO, COBMECTUMA C KPEMHUEBOM
TIaT(OPMOI IJISI TBEPAOTEIBHOM SIIEKTPOHUKN M MHTETPAIbHOM (POTOHMKK. M3roTOBICHHBIC
00pas3ibl aHTEHH MMEIOT IIUMPUHY ITy4YKa MO TOJIyCcHaay MOLIHOCTU 27° ¢ COOTBETCTBYIOIIMMU
YPOBHSIMU OOKOBBIX JierecTKOB NpuMmepHo —10 ab, nuamepennsie Ha yactore 52 I'Tw.

KioueBbie ciioBa: MWJIJIUMETPOBBIC BOJIHBI, AWAJIEKTPUUYCCKAsT CTepKHEBasT aHTCHHA,
AHTCHHAasl pellleTKa, JaMHUHAT C BBICOKON IMAIEKTPUYECKOM IIPOHUIIAEMOCTBIO, IIpsIMast
MexaHudyeckasi oopadboTka
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Introduction

Currently, science and technology are interested in the development of low-cost, efficient, and
compact modules capable of transmitting and receiving of millimeter wave (mmWave) signals.
Wireless channels of the fifth and sixth generation (5/6G) communication networks require
sufficiently directive transceivers as their crucial elements [1]. Moreover, novel mmWave antenna
solutions are in demand by such applications as radar systems or atmospheric monitoring within
the context of meteorological and climatological remote sensing [2, 3], etc.

In this study, we report on the development of a low-cost mmWave integrated dielectric rod
antenna (DRA) array. Our design makes use of a dual-stage dielectric multimode interference
power divider (MMIPD) [4] terminated by a 4x4-element planar array of dielectric tapers [5]
with flare angles of 6—12°. Such a design can be easy tuned for efficient operation at any desired
frequency within 50—77 GHz. It is developed for fabrication by the printed circuit board (PCB)
prototyping machinery from high-permittivity laminates and, therefore, is naturally compatible
with solid-state electronics and integrated photonics based on Si platform. Results of the
simulations and detailed performance analysis of the developed antenna structures are to be
presented further in the text of the article.

Results and Discussion

Figure 1, a provides a photograph of the fabricated completely dielectric DRA arrays with
flare angles o of 6° and 12°. The main dimensions of a dual-stage MMIPD and DRA arrays are
presented in Table and shown in Figure 1, 5. They are developed for operation at 52 GHz, and
their MMIPDs are equipped with input taper interfaces for coupling with rectangular metallic
waveguides of a constant waveform source and power detector during beam profile measurements.
The DRA array samples are fabricated by the means of direct machining from a high-permittivity
PCB laminate (FSD1020T series). This material possesses relative permittivity of 10.2 and a loss

© EpimoBa M.U., ITpuxonpko A.H., lllypakoB A.C., T'onbiman I H., 2024. U3natens: Cankr-IleTepOyprckuii moJMTeXHUUECKUI
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tangent of 0.002 at 10 GHz according to the specifications provided by the manufacturer, and its
dielectric properties at 130—160 GHz are briefly reported in [6]. A similar type of one-dimensional
antenna from another series of PCB laminates, along with a more detailed description of the
technological process, is provided in [7]. The first and the second stages of the samples’ MMIPDs

are attached through dielectric holders made from a low-permittivity material by a 3-dimensional
(3d) printing.
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Fig. 1. Photograph of the fabricated DRA arrays (a); Geometry of the fabricated DRA arrays (b)

Table
Dimensions of the antenna array key elements
Geometric parameter
Array
type | a.° |a’° L, | L, | L, L, L, L, L, L, D, D,
mm mm mm mm mm mm mm mm mm mm
1 6 10 12 1.3 1025|1599 |17.04 | 1.15 | 0.51 | 994 | 11.1 | 1.65
2 12 10 12 1.3 1025 81 | 9.15 | 1.15 | 0.51 | 994 | 11.1 | 1.65

The fabricated DRA array samples are further experimentally studied. Experimental setup
(Fig. 2, a) for the far-field radiation pattern measurements mainly makes use of a 50—77 GHz
backward-wave oscillator (BWQO) and a zero-biased Schottky diode detector (ZBD). The distance
between Tx and Rx in the measurements significantly exceeds the Fraunhofer distance (DF).
ZBD voltages are registered with aid of selective nanovoltmeter.
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Fig. 2. Scheme of the experimental setup for measuring the beam profiles in H- and E-planes (a);
H- and E-plane beam profiles of the fabricated samples measured at 52 GHz (b)
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We use the 3D EM finite element method to simulate the beam profiles. Measured half-
power beamwidths (HPBW) of 27° and side lobe levels (SLL) of —10 dB for both designs are
qualitatively consistent with the calculated HPBW of 24° and SLL of —15 dB. Comparing the
results of the manufactured dual-stage structure with the one-dimensional ones given in [7, §],
it is possible to identify an increase in the symmetry of the beam due to the cross-orientation of
the power dividers.

The DRA gain weakly depends on the geometry of the flare angle. Thus, fabrication tolerance
is relieved, and potential errors in fabrication of the most mechanically vulnerable elements, i.e.,
dielectric tapers, do not compromise performance of the integrated dielectric structure. In our
study devices with 6—12° flare angles demonstrate decent performance at 52 GHz and can be
tuned to any frequency within 50—77 GHz. Given that the proposed antenna design is naturally
compatible with Si platform.

Conclusion

We propose the design of DRA arrays integrated with dual-stage MMIPD at the ends of
which 16 tapered rod antennas are implemented. This work provides a detailed description of the
fabrication and study of the main characteristics of the antennas. In direct machining, we use
low-cost PCB laminate with high permittivity, so fabrication of DRA arrays becomes a simple
and cheap process. As part of the study, radiation patterns of DRA arrays are measured at a
carrier frequency of 52 GHz and show the half-power beamwidths of 27°, with corresponding
side lobe levels of —10 dB for both designs. The corresponding calculated values of 24° and
—15 dB are consistent with the experiment. Proposed DRA arrays are compatible with Si
platform and can be used in solid-state electronics and integrated photonics in the millimeter
wave range. The compact transceivers equipped with them can be used in 5/6G wireless
communication modules, as well as in radar systems and atmospheric monitoring instruments
due to their advantages.
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