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Abstract.  

Introduction. Due to its support for the utilisation of wide transmission frequency bands, the millimetre-wave fre-

quency range can significantly increase the capacity of modern communication systems. However, one of the current 

problems affecting the design of the 27.5…29.5 GHz-wave communication system is the design of a high gain antenna 

of the range of 30 dBi to compensate for the significant level of radio signal attenuation in the communication chan-

nel compared to traditional frequency bands below 6 GHz. 

Objective. The research aims at the development an integrated lens antenna with the capability of operating on two 

orthogonal linear polarisations in order to create more efficient use of the spectrum by separating the transmitted 

and received signals by polarisation. An additional important task is to provide a high aperture efficiency of the an-

tenna and a low level of insertion loss in the distribution system, which should have an interface based on printed 

transmission lines for connection to the radio frequency circuit elements realised on a printed circuit board. 

Materials and methods. The main method for analysing the lens antenna characteristics is full-wave electromagnetic 

simulation in the CST Microwave Studio computer-aided design system. The results are confirmed by means of exper-

imental sample measurement. 

Results. The designed antenna comprises an integrated lens antenna consisting of a homogeneous semi-elliptical 

dielectric lens with a diameter of D = 120 mm with a cylindrical extension and a primary radiator based on a mi-

crostrip antenna with a waveguide adapter. The radiating opening dimensions of the waveguide adapter were opti-

mised using an analytical method based on a combination of geometrical and physical optics. Two orthogonal polari-

sations were excited on the primary microstrip patch antenna with the corresponding closely spaced “H-type” slots in 

one internal metallisation layer. According to experimental results, the designed antenna provides the gain level of 

29.5–30.2 dBi having a half-power beamwidth of 4.8–5.1 degrees and a cross-polarisation level exceeding 37 dB for 

both polarisations across the whole frequency band of 27.5–29.5 GHz.  

Conclusion. Due to the simplicity of the design, high aperture efficiency and the ability to operate on two orthogonal 

linear polarisations, the developed lens antenna can be successfully used in radio communication systems of the 

27.5…29.5 GHz frequency range. 
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РАЗРАБОТКА ЛИНЗОВОЙ АНТЕННЫ  

С ПЛАНАРНЫМ ПОЛЯРИЗАЦИОННЫМ СЕЛЕКТОРОМ  

ДЛЯ СИСТЕМ ФИКСИРОВАННОЙ РАДИОСВЯЗИ ЧАСТОТНОГО ДИАПАЗОНА 28 ГГЦ 

Аннотация 

Введение. Использование миллиметрового диапазона длин волн открывает широкие перспективы для 

увеличения пропускной способности в современных системах связи за счет применения широких полос пе-

редаваемых сигналов. Одной из основных сложностей при разработке систем радиосвязи диапазона длин 

волн 27.5…29.5 ГГц является обеспечение высоких значений коэффициента усиления используемых антенн 

порядка 30 дБи для компенсации значительного уровня затухания радиосигнала в канале связи по сравне-

нию с традиционными диапазонами частот ниже 6 ГГц.  

Цель работы. Разработка узконаправленной антенны с возможностью работы на двух ортогональных 

линейных поляризациях для разделения передаваемого и принимаемого потоков по поляризации и, соот-

ветственно, более эффективного использования спектра. При этом важной задачей является обеспечение 

высокой апертурной эффективности антенны и низкий уровень потерь в системе подведения, которая 

должна иметь интерфейс на основе печатных линий передачи для подключения к элементам радиоча-

стотного тракта, реализованным на печатной плате. 

Материалы и методы. Основным методом исследования характеристик антенны является численное 

электродинамическое моделирование в системе автоматизированного проектирования CST Microwave 

Studio. Полученные результаты подтверждены при измерении экспериментальных образцов. 

Результаты. В качестве разрабатываемой антенны выбрана интегрированная линзовая антенна, со-

стоящая из однородной полуэллиптической диэлектрической линзы диаметром D = 120 мм с цилиндриче-

ским продолжением и первичного облучателя, выполненного на основе микрополосковой антенны с волно-

водным адаптером. Размер раскрыва адаптера оптимизирован для увеличения апертурной эффективно-

сти линзы с помощью комбинированного метода на основе принципов геометрической и физической оп-

тики. Две ортогональные линейные поляризации на микрополосковом облучателе возбуждаются через 

соответствующие щели “Н”-формы, выполненные в одном из внутренних уровней металлизации печатной 

платы рядом друг с другом. В частотном диапазоне 27.5…29.5 ГГц разработанная линзовая антенна для каж-

дой из поляризаций обеспечивает значение коэффициента усиления 29.5…30.2 дБи с шириной основного луча по 

уровню половинной мощности 4.8…5.1° и уровнем кроссполяризационной развязки не менее 37 дБ. 

Заключение. Простота конструкции, высокая апертурная эффективность и возможность работать на 

двух ортогональных линейных поляризациях позволяют сделать вывод, что разработанная линзовая ан-

тенна может быть успешно использована в системах радиосвязи частотного диапазона 27.5…29.5 ГГц. 

Ключевые слова: миллиметровый диапазон длин волн, интегрированная линзовая антенна, микропо-

лосковая антенна, печатная плата, волноводно-микрополосковый переход, двойная линейная поляри-

зация, электродинамическое моделирование 
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Introduction. The rapid growth in the volume of 

information transmitted across modern wireless net-

works results in the necessity for a significant in-

crease in the capacity of communication systems and 

consequent increase of a data transmission speeds 

exceeding several gigabits per second. To achieve 

such speeds, it is necessary to use a wide transmis-

sion band; however, this proves extremely challeng-
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ing in the overloaded frequency spectrum bands be-

low 6 GHz traditionally used in radio communica-

tions. A possible solution consists in an increase of 

the carrier frequency up to the so-called millimetre-

wave range, where frequency bands up to several 

gigahertz are available for data transmission. Pres-

ently, the frequency band between 27.5…29.5 GHz 

is considered as one of the most promising for im-

plementation of "point-to-point" and "point-to-

multipoint" wireless communication systems [1]–[3], 

as well as for the deployment of fifth generation (5G) 

mobile networks [4]. 

One of the main developmental challenges in 

millimetre-wave frequency range radio communica-

tion systems is to provide high antenna gain values 

(AG) in order to compensate for the significant level 

of radio signal attenuation in communication chan-

nels relative to the frequency bands below 6 GHz. 

The main reason for signal attenuation (L) in a radio 

communications channel consists in the influence of 

oxygen and water vapour [5]–[7], as is shown for 

various frequencies f in Fig. 1 (Curve 1 denotes oxy-

gen, Curve 2 denotes water vapour, Curve 3 is for 

clear conditions, Curve 4 is for rainfall of 5 mm/h, 

while Curve 5 is for rain of 20 mm/h). 

In addition, as shown in [6], [8], and explained in 

the International Telecommunication Union (ITU) 

recommendations [9], precipitation significantly in-

creases attenuation level. Should the precipitation 

intensity correspond to heavy rain, overall signal 

attenuation increases from 0.05 dB/km to 6 dB/km 

when an operating frequency increases from 6 GHz 

to 28.5 GHz (the centre of the considered frequency 

band) (Fig. 1), which significantly affects radio 

channel characteristics. In this regard, the principal 

regulatory documents applying in the Russian Feder-

ation and European countries authorise the use of a 

high gain antenna in a frequency range around 

28 GHz for point-to-point communication systems 

and a combination of narrow-beam subscriber unit 

antenna and single-beam sector base station antenna 

for point-to-multipoint systems. 

At the same time, rain intensity is a statistical pa-

rameter having a certain probability density specific 

to each geographical area [10]. Typically, channel 

availability is selected as a criterion for the evalua-

tion of a communication system in order to deter-

mine the average declared full capacity time. In 

modern communication systems availability criteria 

of 99.9, 99.99 and 99.999% are generally used, cor-

responding to an absence of connection in the select-

ed channel for approximately 52 minutes, 5 minutes 

and 30 seconds per year, respectively. The communi-

cation range can be calculated by using the classical 

Friis transmission equation in which losses affecting 

propagation of radio signal in atmospheric gases and 

losses due to rain are taken into account: 

 

r t r t

oxygen vapor rain

20lg
4

,

P P G G
R

R

 
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     

  

where rP  and tP  are received and transmitted pow-

ers, respectively, in dBm;   is a radiation wave-

length (10.53 mm for a frequency of 28.5 GHz); R is 

a communication range; rG  and tG  are the respec-

tive gains of the receiving and transmitting antennas; 

oxygen vapor rain, ,    correspond to signal attenuation 

coefficients in oxygen, water vapour and rain, respec-

tively. The attenuation coefficients for frequencies from 

1 to 1000 GHz are reported in [7] and [9]. 

According to calculations, a link distance of over 

4 km can only be achieved on the lowest modula-

tions in case of availability criteria of 99.99% in a 

precipitation zone corresponding to Central Russia 

using antennas providing AG of 30 dBi and higher. 

These AG values correspond to an aperture size of 

about 120 mm in the considered frequency band. The 

selected geographic area is located in the temperate 

zone with an average level of precipitation per year. 

Therefore, obtained results can be considered as an 

average over the geographical location of the most 

populated parts of the continents. 

Additionally, in order to ensure efficient utilisation 

of the spectrum, it is possible to implement a commu-

nications system using MIMO (Multiple Input Multi-

ple Output) technology [11], which allows simultane-

ous parallel transmission of several data streams using 

several antennas and separation by polarisation. 

Thus, the purpose of the present research is to 

develop an effective antenna with a high AG level for 

 

Fig. 1. Radio signal attenuation level in a communication 

channel caused by oxygen, water vapor and precipitation 
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radio communication systems in the 27.5…29.5 GHz 

frequency band, which is capable of operating on 

two orthogonal linear polarisations to ensure efficient 

separation of received and transmitted signals by 

polarisation. Since the antenna is designed as a part 

of communication systems, an important requirement 

is an output interface based on a printed transmission 

line for direct connection to radio frequency circuit 

elements, such as low-noise amplifiers (LNA), mix-

ers and filters. Another important issue when devel-

oping a millimetre-wave high gain antenna is ensur-

ing a high antenna aperture efficiency and low-loss 

feed system, since printed structure losses increase 

significantly when the operating frequency is in-

creased to the millimetre-wave range. Therefore, it is 

necessary to analyse the principles according to 

which the efficiency of the high gain antenna aper-

ture can be maximised. 

The main antenna requirements are a high AG 

(around 30 dBi), the ability to work on two orthogo-

nal linear polarisations with a cross-polarisation level 

of more than 30 dB and a reflection coefficient level 

of 11 10 dBS    in the considered frequency band of 

27.5…29.5 GHz. 

Antenna configuration. There are various ap-

proaches to the design of a high gain antenna that 

supports operation on two orthogonal linear polarisa-

tions in the millimetre-wave frequency range. For 

example, a promising planar solution having low 

mass-production costs can be realised on a two-

dimensional array of printed microstrip antenna ele-

ments [12]–[14]. However, in order to ensure a high 

AG value, this array must contain a large number of 

antenna elements, significantly complicating the sig-

nal distribution system and consequently increasing 

losses up to several decibels, especially when using 

two polarisations. 

Losses in the signal distribution system can be 

significantly reduced by using a series feed circuit 

comprised of antenna array elements [15]–[16], which 

can additionally be implemented using substrate inte-

grated waveguide (SIW) [17] technology. The main 

disadvantage of using a series feed circuit is the fre-

quency dependence of the main radiation pattern lobe 

direction, which is caused by a change in a phase shift 

between adjacent array elements when changing an 

operating frequency. A possible approach to solving 

this problem consists in symmetric excitation of signal 

distribution system branches [18]–[19]. In this case, 

opposite branches allow the lobe oscillation to be 

compensated when the frequency changes; however, 

this leads to a decrease in AG which limits this solu-

tion to a relatively narrow band. 

Another approach to reducing losses in the signal 

distribution system of a two-dimensional antenna 

array is an implementation based on hollow metal 

waveguides [20]. In this case, the antenna elements 

can be comprised of slot- or small horn antennas. 

The main disadvantage of this approach is the bulki-

ness of the waveguide elements in the considered 

frequency range, the complexity of their manufacture 

and the additional requirement of a solution to the 

problem of transition from a waveguide interface to a 

printed transmission line for integration with a radio 

frequency module. 

A Cassegrain antenna, which employs a dual-

polarised primary feed [21], can also be considered 

as a reflector antenna solution. This approach is 

widely used in commercial implementations of high 

gain antennas of the considered frequency range due 

to their relatively simple design and use of a standard 

circular or square metal waveguide interface. Never-

theless, commercial solutions based on this approach 

tend to be expensive. One of the drawbacks of this 

antenna type is the radiating aperture shadowing ef-

fect caused by the secondary reflector. At the same 

time, since the size of the secondary reflector typical-

ly changes slightly with an increase in the size of the 

parabolic reflector (and, accordingly, with AG in-

crease), the shadowing effect is more critical for an-

tennas having a moderate AG value, such as those 

considered in this article. 

Under the present research framework, an inte-

grated lens antenna (ILA) [22]–[24] was selected as 

the basic approach for the implementation of a dual-

polarised high-gain antenna in the frequency range of 

27.5…29.5 GHz. This choice is due to a number of 

well-known advantages of ILA in comparison with 

other aperture antennas. In particular, they have no 

aperture shadowing effect (unlike Cassegrain anten-

nas), and there is also a possibility of a primary radia-

tor implementation on a printed circuit board together 

with radio frequency circuit elements that greatly sim-

plifies the communication systems development. 

An ILA generally consists of a homogeneous 

dielectric lens having an elliptical (or quasi-elliptical) 

shape with a primary radiator located in its focus. 

Proceeding from geometric optics laws, it can be 

seen that if an ellipsoid eccentricity e satisfies the 

relation    1 ,e n  where n is a lens material refractive 

index, then both the geometric and optical foci of an 

ellipsoid coincide. In this case, the primary feed radi-
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ation passes through a “dielectric–empty space” in-

terface forming a planar phase front and, accordingly, 

a narrow beam of a radiation pattern (RP) in a far 

field (Fig. 2). Thus, the focusing principle of an ILA 

is similar to that in classical reflector antennas and 

thin lenses having a remote primary radiator. Since 

the bottom part of the lens (cylindrical extension) 

does not participate in the focusing of radiation, its 

shape can be arbitrarily modified to integrate the lens 

antenna with the radio relay station housing. 

The designed antenna consists of a hemielliptical 

lens with a diameter of D=120 mm. It is made of a 

high-density polyethylene (HDPE) with a dielectric 

constant of    2.3  and a low loss tangent value 

 4tg    2 10   in the considered frequency band. 

The primary lens feed is located on a flat lens base at 

the focal point, as shown in Fig. 3. 

Primary feed design and characteristics. An 

important task in the high gain ILA design is to pro-

vide effective illumination of the collimating ellipti-

cal lens surface by means of the primary feed [23], 

[25], [26]. The amplitude distribution is determined 

by the radiation pattern shape of the primary feed on 

the radiating surface of the lens body and, conse-

quently, the ILA radiation pattern shape and AG val-

ue in the far field. Thus, if the primary feed has a 

wide radiation pattern in the lens body, then a signif-

icant part of radiated power is used to illuminate the 

cylindrical extension, which does not participate in 

an ILA radiation pattern narrow beam formation 

(Fig. 4, a). This leads to an increase in the radiation 

pattern of the side and back lobes and a reduction in 

the amplitude of the main lobe. 

Conversely, if the primary feed has a narrow radi-

ation pattern, then its radiated power is concentrated in 

the centre of the elliptical part of the lens reducing its 

effective radiating aperture and antenna gain (Fig. 4, 

b). Thus, it is possible to provide a more effective il-

lumination of the elliptical surface of the lens and, 

accordingly, increase ILA AG by controlling the width 

of the primary feed radiation pattern. 

In order to determine the fundamental depend-

ence of the ILA antenna directivity (AD) on a RP 

width of its primary feed at a half-power beamwidth, 

the specialised MATLAB software is used to calcu-

late the ILA characteristics. The calculation method 

is based on a hybrid method combining the principles 

of geometrical and physical optics (GO/PO) [27]. In 

this case, the primary feed radiation pattern within 

the lens body is considered axisymmetric, while the 

angular distribution of the electric field amplitude is 

determined as: 

   0p.f
cos ,E E     

where 0E  is the main lobe amplitude; θ is the angle 

measured from the lens axis; γ is the coefficient that 

determines the primary feed radiation pattern width in 

the lens body. The calculation results for an HDPE 

lens with a diameter of D = 120 mm at a band centre 

frequency of 28.5 GHz are shown in Fig. 5. 

From the figure it follows that the primary feed 

with a radiation pattern width of 44…50° provides the 

maximum AD value for the selected lens type – and, 

therefore, AG. It is noted that the width of the primary 

feed radiation pattern that provides the maximum ILA 

 

Fig. 2. The primary feed rays path and phase front  
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Fig. 3. Lens antenna model 
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AD does not depend on the lens size, but only on its 

material; consequently, the results are valid for lenses 

of any size (having a diameter of more than 5–10 

wavelengths in a free-space) and can be used for fur-

ther calculations. 

Waveguide-based primary radiators are the most 

suitable means for controlling the radiation pattern 

width through a determination of the waveguide radi-

ating opening dimensions [23]. An important aspect of 

the development of this radiator is the electrical cou-

pling of the radiating waveguide aperture with an in-

terface based on printed transmission lines for direct 

connection to radio frequency circuit elements. To 

solve this issue, an approach based on a microstrip 

antenna radiating in a waveguide channel, similar to 

that used in a number of waveguide-to-microstrip 

transitions, is used [28]–[31]. 

The designed ILA primary feed is based on a 

combination of the microstrip antenna and wave-

guide adapter with a square aperture of 8.5×8.5 mm 

that is optimised for implementation with a dielectric 

lens in the frequency band of 27.5…29.5 GHz. The 

structure and model of the designed primary feed are 

shown in Fig. 6. 

The primary feed is implemented on a printed 

circuit board consisting of five dielectric layers and 6 

metal levels. A high-frequency Rogers RO4350B 

(dielectric constant is    3.66 ) with a Rogers 

RO4450B (    3.55 ) prepreg laminate is chosen as a 

printed circuit board material. The main microstrip 

antenna radiating element is a square patch. The or-

thogonal linear polarisations are excited through the 

corresponding "H-type" slots in one of the internal 

metallisation levels of the printed circuit board 

(Fig. 6, b). The signal is fed by microstrip lines from 

the printed circuit board side opposite to the radiator, 

which allows isolating the radiating element from the 

radio frequency circuit elements of the communica-

tion system. The remaining board metallisation lay-

ers are not involved in a microstrip antenna structure 

formation. They are designed for the further trans-

ceiver board active circuits tracing. 

The waveguide adapter, which is attached be-

tween the printed circuit board and the lens, corrects 

the patch radiation by optimising the dimensions of 

its radiating opening, allowing the lens surface to be 

uniformly illuminated and leading to a corresponding 

increase in ILA AG. 

Fig. 6, a shows the adapter aperture containing a 

matching dielectric insert of a circular cross-section 

having a diameter of 3 mm and a height of 4.6 mm. 

Technologically, such an insert is fabricated as a pro-

trusion of a flat lens base at the adapter attachment 

point, serving to improve the dielectric lens and 

match the impedance of the waveguide adapter [23]. 

Electromagnetic simulation of the designed ILA 

primary feed is carried out in the computer-aided 

design (CAD) system CST Microwave Studio. In the 

full-wave simulation, dielectric material losses of a 

printed circuit board are taken into account based on 

the experimental data reported in [32], [33]. In par-

ticular, the dielectric loss tangent is taken equal to 

 

Fig. 6. Cross-section structure of the primary feed with adapter (a); single microstrip antenna structure (b); 

 primary feed model (c) 
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0.005 in the whole studied frequency band of 

27.5…29.5 GHz. In addition, the simulation accounts 

losses in metal conductors by specifying the total 

conductivity and roughness of the copper foil. 

The results of the primary feed S-parameters 

simulation are shown in Fig. 7. It is noted that the sur-

rounding space boundary conditions and parameters 

are set to provide the primary feed radiation into the 

medium (half space) with the dielectric lens material 

parameters that allows the designed primary feed pa-

rameters inside the lens body to be determined. 

In accordance with simulation results, the designed 

primary feed provides a reflection coefficient level for 

each of the ports corresponding to two polarisations 

11 22and 13 dBS S    in the whole system operating 

frequency band of 27.5…29.5 GHz. The polarisation 

isolation level within the band is more than 35 dB. 

In the lens body, the primary feed provides radia-

tion patterns that are similar in shape to each polarisa-

tion with the gain of 10.8…11.5 dBi and radiation effi-

ciency of at least 96% (no less than 0.2 dB) in the 

whole frequency band of 27.5…29.5 GHz. Radiation 

pattern cross-sections in the dielectric lens body ob-

tained with the simulation results while designed prima-

ry feed orthogonal ports excitation at the centre fre-

quency of 28.5 GHz are shown in Fig. 8. The cross-

sections are presented in two principal planes ( 0    

(solid lines) and 90    (dashed lines)). A black col-

our denotes port 1, while a grey colour denotes port 2. 

According to the simulation results, the primary 

feed forms a radiation pattern in the lens body having a 

half-power beamwidth of 47…51° for both orthogonal 

polarisations, which is within optimum values to 

achieve the required ILA AG values (Fig. 5). 

Experimental study of the prototype. The ele-

ments of the designed lens antenna having a dual-

polarised primary feed were constructed for experi-

mental studies. Probe-type waveguide-to-microstrip 

transitions with waveguide plugs were added to the 

printed circuit board structure to allow the connec-

tion of measurement equipment having a standard 

waveguide interface WR-28 to the microstrip lines of 

the designed primary feed [31]. In order to take into 

account the effects of transitions and supply mi-

crostrip lines on the characteristics of dual-polarised 

ILAs, these were primarily tested using back-to-back 

("waveguide–microstrip line–waveguide") transitions 

(Fig. 9). The printed circuit board structure with test 

elements is completely identical to the board struc-

ture used for the planar primary feed. 

Specific path losses in the microstrip line allow 

back-to-back test elements having different mi-

crostrip line lengths (15 and 25 mm) to be experi-

mentally estimated and thus taken  into account when 

determining the characteristics of individual transi-

tions and the designed ILA. Transitions provide a 

reflection coefficient level 11    20 dBS   in the con-

sidered frequency band of 27.5…29.5 GHz. In this 

case, an individual transition loss is no more than 

0.4 dB, while the pathloss specific to the microstrip 

line does not exceed 0.7 dB/cm. 

Photographs of the printed circuit board with a 

planar dual-polarised primary feed and waveguide-to-

microstrip transitions are shown in Fig. 10, a and b. 

 

Fig. 9. Back-to-back waveguide-microstrip line-waveguide 

structures for testing the of the waveguide-to-microstrip 

transition characteristics 

 

Fig. 7. The designed primary feed  

electrodynamic modelling results 
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Fig. 8. Radiation pattern cross sections of the primary feed  

in the dielectric lens body 
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The waveguide adapter photo is shown in 

Fig. 10, c. The adapter contains the primary feed 

waveguide aperture and waveguide channels based 

on a rectangular waveguide of standard cross-section 

WR-28, which is used to simplify the connection of 

measuring equipment. The adapter is divided into 2 

parts that connect in the middle of the waveguide 

channel to allow a waveguide channel to be manu-

factured by milling. In this case, the waveguide 

channel turns out to be divided in an E-plane along 

which the electric current density is minimal, and 

slots due to metal elements conjugation do not signif-

icantly affect the waveguide characteristics. 

A specially-designed polarisation insert is used to 

measure losses in the dual-polarised ILA feed system 

(Fig. 11). This insert is attached to the adapter anten-

na port instead of the lens in such a way that a wide 

wall of its rectangular aperture is perpendicular to 

one of the primary feed supply lines. The adapter is 

matched to this microstrip line according to the re-

flection coefficients and the corresponding polarisa-

tion of the radiating patch. Additionally, for orthogo-

nal linear polarisation signals, such an insert is fully 

reflective. 

A comparison of the simulation results (solid 

line) and measurements (dashed line) of the primary 

feed with distribution system is shown in Fig. 12 

(black lines correspond to Port 1, while grey lines 

denote Port 2). The distribution system (up to anten-

na port) losses are 1.8…2 dB. Thus, without losses in 

waveguide-to-microstrip transitions and feed lines, 

which were previously estimated when measuring 

two-sided test structures, the designed primary feed 

together with the adapter introduces losses of less 

than 0.4 dB. 

Fig. 13 shows a photo of a manufactured dielec-

tric lens with a diameter of D = 120 mm. The weight 

 

Fig. 13. Dielectric lens 

0z   

 

Fig. 10. Photos: a – top view of the printed circuit board with 

dual-polarized primary feed; b – bottom view of the printed 

circuit board with dual-polarized primary feed;  

c –waveguide adapter 
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Fig. 12. Feed system insertion losses 
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of the manufactured lens is 1.1 kg. The lens cylindri-

cal extension is modified to facilitate attachment of 

the adapter and secure its fixation in the measure-

ment setup. For this purpose, special screw-threaded 

inserts are installed in blind holes manufactured on-

the lens base. A matching protrusion with the dimen-

sions shown in Fig. 6, a is implemented on the flat 

lens base. 

Antenna S-parameters are measured by using a 

vector network analyser Keysight N5224A PNA. 

During measurements, network analyser ports are 

connected to the corresponding signal feed system 

input waveguide interfaces by using high-quality 

coaxial cables, which have low internal losses com-

bined with waveguide-coaxial transitions, manufac-

tured by Mi-Wave company. The ILA was placed on 

a stand with a radio absorbing material (RAM) to 

eliminate reflections from the surrounding area. A 

comparison of the measured (dashed lines) and ob-

tained by electrodynamic simulation (solid) lens an-

tenna S-parameters is shown in Fig. 14. 

S-parameters frequency dependences have oscil-

lations that are absent in the individual primary feed 

simulation results. These oscillations are caused by 

radiation reflections from the inner elliptical lens 

surface, which return to the ellipse focus where the 

primary feed is located in accordance with the prin-

ciples of geometric optics. These oscillations do not 

lead to changes in the average reflection and isola-

tion coefficient values. From the presented data, it is 

clear that a good agreement between the full-wave 

simulation and measurements results has been 

achieved. The antenna provides an isolation level be-

tween cross-polarised ports of more than 37 dB and a 

reflection coefficients value 11S 22S  of no more than 

–12 dB in the frequency band of 27.5…29.5 GHz. 

The measurement setup is used to measure AG 

and radiation pattern of the dual-polarised lens an-

tenna (Fig. 15). 

During measurement, the lens antenna was fixed 

in a special holding device located on a software-

controlled rotary positioner. The distance between 

the receiving (standard horn antenna) and transmit-

ting (ILA) antennas is set at 3.5 m in order to meet 

the far field requirement. The receiving horn antenna 

is built into a RAM screen slit to eliminate the influ-

ence of room reflections and thereby increase meas-

urement accuracy. 

The ILA radiation pattern measurements are car-

ried out separately for each of the orthogonal ports in 

E- and H-planes at three key frequencies (27.5, 28.5 

and 29.5 GHz). In this case, an unused antenna port is 

connected to a matched waveguide load. Fig. 16 

shows the measured (dashed lines) and obtained by 

full-wave simulation (solid lines) ILA radiation pat-

terns corresponding to orthogonal polarisations at a 

centre frequency of 28.5 GHz for two ports (black 

lines denote E-plane, grey denotes H-plane). 

 

Fig. 14. Comparison of simulated and measured S-parameters 

of ILA 
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The results show a good agreement between the 

measured radiation patterns and those obtained with 

the full-wave simulation, both in the AG level and the 

main lobe and side lobe regions. Summary data of 

measured and simulated (results are shown in brack-

ets) designed ILA parameters are presented in Table 1. 

The measured AG values of the designed ILA, 

within 29.5…30.3 dBi for each polarisation, are in 

good agreement with the full-wave simulation results 

and preliminary estimations. At the same time, the 

measured aperture efficiency of the designed antenna 

is 71…79%, confirming the effectiveness of the illu-

mination of ILA surface by the developed primary 

feed. The first side lobe level does not exceed –15 dB 

for each polarisation at all measured frequencies. 

A comparison of the characteristics of the devel-

oped high gain dual-polarised ILA having different 

antenna designs as discussed in the introduction is 

presented in Table 2. It can be seen that the designed 

antenna surpasses other antennas in the frequency 

band of 27.5…29.5 GHz in terms of aggregate param-

eters and characteristics taking its operability on two 

orthogonal linear polarisations into account. 

Conclusion. The results of the design, full-wave 

simulation and measurements of the ILA having a 

planar dual-polarised primary feed, intended for use 

in fixed "point-to-point" and "point-to-multipoint" 

communication systems of the frequency band of 

27.5…29.5 GHz, are presented. The antenna consists 

of a hemielliptical lens with a diameter of 

D = 120 mm, which is made of an HDPE having die-

lectric constant ε = 2.3 and a low dielectric loss tan-

gent value in the considered frequency band, as well 

as a primary feed located on a flat lens base at the 

focal point. The designed ILA primary feed is based 

on a combination of the microstrip antenna and the 

waveguide adapter having a square aperture of 

8.5×8.5 mm. The adapter aperture size is selected 

using an analytical method based on a combination 

of geometric and physical optics principles, allowing 

the ILA aperture efficiency – and, consequently, its 

AG – to be increased. The adapter aperture contains 

a dielectric matching insert of a circular cross-section 

 

Fig. 16. Measured and modelled radiation patterns for port 1 (а) and port 2 (b) 
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Table 1. Radiation pattern parameters of the designed ILA 

f, GHz Beam width, …° Gain, dBi 

Port 1 

27.5 5.1 (5.1) 29.8 (29.8) 

28.5 4.8 (4.9) 30.2 (30.2) 

29.5 4.8 (4.8) 29.9 (30.3) 

Port 2 

27.5 5.1 (5.1) 29.5 (29.7) 

28.5 4.8 (4.9) 29.8 (30.1) 

29.5 4.8 (4.8) 29.9 (30.3) 

Table 2. Comparative table of the considered antennas parameters 

Source of 

literature 
Frequency range, GHz Gain, dBi Work on two polarizations Printed Line Interface 

Present 

work 
27.5…29.5 29.5…30.3 Yes Yes 

[12] 28…32 22.5 No Yes 

[13] 26…30 19 Yes Yes 

[14] 
12.25…12.75/ 

14…14.5 
33.7 Yes Yes 

[17] 26.9…29.2 22 No Yes 

[19] 23.5…25 20 Yes Yes 

[20] 23.5…24.5 17.5 No No 

[22] 24.3…24.7 20.5 No Yes 

[23] 25 32.5 No Yes 

[25] 27.5…29.5 23.5 Yes No 

[28] 34…36 34 Yes No 
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on a flat lens base, which serves to improve the im-

pedance matching of the dielectric lens and wave-

guide adapter. 

According to the measurement results, the de-

signed ILA in the frequency band of 27.5…29.5 GHz 

provides an AG level within 29.5…30.3 dBi for each 

polarisation, which is achieved due to its high aper-

ture efficiency (71–79%) and small losses in the feed 

system. The main lobe half-power beamwidth is 

4.8…5.1°, while the first side lobe level does not 

exceed –15 dB. The ILA signal feed system is made 

on the basis of microstrip transmission lines and pro-

vides impedance matching according to a reflection 

coefficient level of 11 12 дБ.S    The isolation level 

between the ILA orthogonal antenna ports is at least 

37 dB. 

The designed ILA can be successfully used in ra-

dio communication systems of the 27.5…29.5 GHz 

frequency range. 
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