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Abstract 

Introduction. As a result of the extensive development of broadband communication in the millimetre wave band, 

there has arisen a need for antenna systems with a high level of directivity and compact dimensions, capable of 

operating across wide frequency ranges. However, at present, few engineering solutions satisfy this demand. 

Aim. To develop and study experimentally a K-band antenna array (AR) characterized by a high aperture effi-

ciency and compact longitudinal dimensions. 

Materials and methods. Computer simulations were performed using the CST Studio Suite software. Measure-

ments were carried out using an Agilent E8363B PNA vector circuit analyzer. Radiation patterns were obtained 

by the method of near-field scanning. 

Results. A K-band broadband antenna array configuration operating over the 18…26 GHz range was pro-posed. 

It was found that the period of the array equals 2.25 wavelengths at the highest operating frequency. In order to 

suppress grating lobes, an additional layer consisting of artificial inhomogeneous dielectric lenses was used. The 

dielectric material consisted of thin curly layers of sheet polyethylene terephthalate. Additionally, a hybrid con-

figuration of feeding network was proposed, in which one part of the network was developed by means of printed 

two-wire lines, while the other part was achieved by means of rectangular waveguides. The proposed antenna 

array demonstrates VSWR of less than 2 and an aperture efficiency above 0.5, side and diffractive lobe levels not 

exceed –12 in the 18…26 GHz range. The total thickness of the configuration equals 50 mm or .min4.3  In order 

to ensure the compactness of the AR for wideband frequency applications, the thickness of the system can be 

reduced to min2.5  by excluding the waveguide part. 

Conclusion. When compared with existing solutions, the proposed antenna has a simpler feed network, which 

yields better matching. High aperture efficiency is achieved in the wide frequency range by means of inhomoge-

neous dielectric lenses. 
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Аннотация 

Введение. В связи с освоением миллиметрового диапазона и развитием средств широкополосной связи 

имеется потребность в антенных системах, которые работали бы в широкой полосе частот (порядка ок-

тавной), имели высокую направленность и компактные размеры. Имеющиеся решения, как правило, не 

удовлетворяют данным требованиям. 

Цель работы. Конструирование и экспериментальное исследование антенной решетки (АР) К-диапазона, 

обладающей высоким коэффициентом использования площади (КИП) и малыми продольными размерами. 

Материалы и методы. Численные исследования проводились в САПР СВЧ (CST Studio Suite), эксперимен-

тальные исследования – на оборудовании для векторного анализа СВЧ-цепей (Agilent E8363B PNA). Харак-

теристики направленности измерялись методом сканирования ближнего поля. 

Результаты. Предложен вариант реализации широкополосной АР К-диапазона (18…26 ГГц). Период АР 

составляет 2.25 длины волны на верхней частоте диапазона. Для подавления дифракционных лепестков 

использован дополнительный слой, состоящий из линз из искусственного неоднородного диэлектрика, 

сформированный из тонких фигурных слоев листового полиэтилентерефталата. Предложена гибридная 

конфигурация диаграммообразующей схемы (ДОС), в которой одна часть схемы выполнена на основе пе-

чатных двухпроводных линий передачи, а другая – на прямоугольных волноводах. АР имеет КСВ ниже 2 

и КИП выше 0.5, уровень боковых и дифракционных лепестков не превышает –12 в диапазоне 18…26 ГГц. 

Суммарная толщина всей системы составила 50 мм, что равно .min4.3  Если из конструкции исключить 

волноводную часть, толщина может быть уменьшена до min2.5 ,  что обеспечивает компактность АР при 

широкой полосе рабочих частот. 

Заключение. По сравнению с имеющимися решениями антенна имеет более простую ДОС, за счет чего 

улучшается согласование с фидером. За счет применения линз из неоднородного диэлектрика обеспечи-

вается высокий апертурный КИП в широкой полосе частот. 
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Introduction. Currently, the millimetre-wave 

band is a topic of intensive study due to the need to 

increase the bandwidth capacity of information trans-

mission channels, develop broadband communica-

tions and radar applications [1–3]. Broadband satellite 

K-band Internet access programmes are under active 

development [4]. Moreover, there is a growing need 

for broadband radio monitoring and radio measure-

ments. In this connection, one of the key determinants 

of the technical and operational efficiency of such sys-

tems is the antennas used. 
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The widespread use of these systems imposes spe-

cific requirements on their antenna systems, which 

should be broadband, compact, easy to install and de-

ploy, as well as having a low cost. However, the require-

ments for compactness, bandwidth and high directivity 

are somewhat contradictory: 

– broadband spot beam antennas based on mirrors 

and lenses have remote elements and, accordingly, 

significant longitudinal dimensions; 

– compact antenna arrays (AAs), produced by print-

ing technology, generally work in a narrow band of fre-

quencies and often have a very complex feeding network 

(FN), which complicates their coordination across a 

wide frequency range; 

– some types of broadband and compact antennas 

(e.g., log-periodic) do not provide sufficient directiv-

ity to meet the requirements described above. 

In order to solve the described problems, the pre-

sent paper proposes an AA-containing focusing lenses 

having an artificial inhomogeneous dielectric struc-

ture. Lenses narrow the main lobe of the radiation pat-

tern (RP) of the AA element by effectively suppress-

ing the grating lobes, thus allowing operation across a 

wide frequency range. 

The paper [5] presents a method for the realisation 

of inhomogeneous dielectric lenses (IDLs), defining 

the limiting values of sampling parameters of the 

IDL's homogeneous dielectric structure, such as the 

thickness of the elementary cylindrical layer and the 

quantity of the figured "lobes" realising the variable 

law of change of dielectric permittivity [6]. In the pa-

per [7], an AA design with an IDL consisting of 16 

elements arranged hexagonally is considered. 

In the present article, an AA comprised of 64 ele-

ments having a hybrid type FN based on printed two-

wire lines and waveguides is considered. This config-

uration is used to reduce losses in printed lines by re-

placing some of them with waveguides, in which at-

tenuation is significantly lower. 

The AA under development is designed for operation 

in the K-band (18…26 GHz). 

Description of experimental samples. Beam-

forming arrangement. In order to avoid grating lobes 

when the AA is operated over a wide frequency band, 

the period is set at 0.5 times the wavelength at the up-

per range limit min .  The wavelength determines the 

dimensions of broadband emitters at the lower operat-

ing frequency max .  At a specific bandwidth, the 

emitters inevitably overlap with each other. Broad-

band AAs are known to use the emitter configuration 

based on overcoupled vibrators. In such AAs, the ends 

of vibrators overlap each other, forming an interdigi-

tated pattern [8]. There are different variations of such 

AAs with different ways of "packing" the emitters on 

the plane, for example, intertwined spirals [9]. 

Besides overcoupled vibrators, there are also AAs 

based on long slots [10–12]. 

The drawbacks of these methods are as follows: 

– it is impossible to place the FN on a common 

substrate with emitting elements. This results in the 

need to provide transition elements between transmis-

sion lines of different types, which, in turn, compli-

cates the coordination; 

– the density of emitters is very high, since the pe-

riod of the structure must be shorter than min0.5 .  

This leads to difficulties in the FN design for such a 

grating and a deterioration in coordination. 

Another approach to extending the effective AA 

bandwidth is to increase its period by reducing the 

number of elements and thus simplifying the FN. In 

this case, it is necessary to use focusing elements nar-

rowing the RP of each emitter in order to suppress the 

grating lobes. Lenses having an inhomogeneous dielec-

tric structure can be used for these elements [13–15]. 

In the considered design, the emitters are printed 

broadband "bowtie" vibrators etched on a substrate of 

Rogers RT5880 material with an angle of dielectric 

loss tangent tg     0.0009,  which corresponds to 

losses of 4 dB/m at a frequency of 26 GHz (Fig. 1). 

The vibrator arms are located on different sides of 

the substrate and are powered by a printed two-wire 

line (TWL) supplied to the center of the vibrator. The 

elements are located hexagonally; the FN has a bi-

nary-floor configuration. The AA period is 26 GHz 

3.25  at the upper frequency. 

 

Fig. 1. Feeding network circuit 
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The first two stages of the divider are made based 

on a waveguide line of the WR42 standard, which has 

a size of 10.67 4.32 mm  and an attenuation rate of 

0.4 dB m.  A waveguide is formed by two aluminium 

parts. The first part forms one of the wide walls of the 

waveguide, as well as serving as a reflective screen for 

the AA elements and the bearing element for the lens 

attachment (Figs. 2, 1), while the second part in the 

form of a rectangular groove in a thick plate forms the 

remaining three walls of the waveguide (Figs. 2, 2 and 

3). A special smooth transition is used to interface the 

printing line with the waveguide. 

Two-wire waveguide transition. Fig. 4 presents the 

isometric transition from the rectangular waveguide to 

the printed two-wire line. The two-wire waveguide tran-

sition consists of a smooth linear transition of the rectan-

gular waveguide to the ridged waveguide with a subse-

quent smooth transition to a printed line. The dielectric 

substrate of the printing line enters the space between the 

ridges of the ridged waveguide and ends with a triangular 

dielectric contraction. Line conductors terminate at the 

place of transition to the waveguide ridges. 

The experimental study measured the reflection co-

efficient (RC) of the system of two identical transitions 

connected by a 140 mm TWL segment (Fig. 5). 

The described system has two waveguide ports, re-

flecting both the input and output ports. Frequency re-

sponse filtering 11S  is applied in the temporary area to 

eliminate the effect of reflections from the output port. 

This feature is provided by an Agilent E8363B PNA. 

Figs. 6, 7 show a possible way to connect a printed 

TWL to a waveguide by means of this transition. In this 

case, a flexible substrate is used, in which a "reed" is 

cut out between the two ridges of the ridged waveguide. 

Experimental AA model. The full AA model 

(Fig. 8) consists of 64 emitters located in the nodes of 

the hexagonal grid. 

The upper wall of the rectangular waveguide is the 

lower part of the metal plate, which also acts as a 

screen (Fig. 2). The other three walls are formed by 

rectangular grooves in the counterpart of the wave-

guide divider. 

 

Fig. 2. Waveguide divider  

(without transitions to two-wire line) 

1 2 

 

Fig. 3. Bottom part of the waveguide divider (inside view). 

Lines end with transitions to two-wire line 

 

Fig. 5. Experimental circuit from two transitions connected 

with a fragment of the two-wire line 

 

Fig. 4. Isometric view from the waveguide to transition two-

wire symmetrical line: 

а –  completely; b – without the walls of the waveguide 

a 

b 
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The focusing layer is made up of 22 layers of 

1-mm-thick sheet polyethylene terephthalate (PET), 

from which the lobes are laser cut to create lenses. 

Between the screen, the FN board and the lens 

layer, there are gaps of 5.2 and 2 mm, respectively, 

which are provided with foam polystyrene layers, as 

well as plastic washers of appropriate thickness. All 

structure layers are screwed together around the pe-

rimeter and at 5 central points. 

The AA model dimensions are 

330 × 290 × 50 mm, therefore, the longitudinal size of 

the antenna is min4.3 .  

Research methods. The emitting structures were 

simulated numerically using CST Studio Suite. The 

characteristics of the experimental sample of the wave-

guide-two-wire transition were measured by the Ag-

ilent E8363B PNA vector circuit analyser, which al-

lows the S-parameters of the four poles to be measured 

in the frequency band of 0.01...40 GHz. This device 

also provides filtration of the obtained characteristics in 

the time domain, allowing the influence of reflections 

from certain elements of the measured circuit to be ex-

cluded. In order to measure the directional characteris-

tics, a hardware and software complex developed at the 

Radio Engineering Department of the Siberian Federal 

University was used to measure the characteristics of 

antennas in the near zone. This apparatus consists of an 

anechoic chamber, a four-axis flat scanner and software 

for processing measurements. The RP and the directiv-

ity were calculated from the amplitude and phase dis-

tribution in the antenna array. The gain was measured 

using the reference antenna method. 

Research results. Waveguide-two-wire transi-

tion. Fig. 9 shows the frequency characteristics of the 

RC module for several transition lengths  tr .L  

 

Fig. 6. Front view of the transition from the waveguide 

to two-wire line 

 

Fig. 7. Inside construction of the transition, 

cross-section through E-plane of the waveguide 

 

Fig. 8. Experimental model of the antenna array (top view) 

 

Fig. 9. Simulated frequency dependences of the reflection 

coefficient modulus of the waveguide two-wire transition 
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Fig. 10. Reflection coefficient of the transition from 

waveguide to two-wire line: 

1 – calculation for tr 26 mm;L   2 – experiment 
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Following the calculation data, the experimental 

transition length was selected equal to 26 mm, which 

corresponds to its work in the range of 18...26 GHz. 

Fig. 10 shows the frequency dependence 11tr ,S  

obtained by excluding reflections from the second 

port by filtering in the time domain. The calculated 

curve corresponds to a transition length of 26 mm. 

Experimental AA model. In the course of exper-

imental studies of the AA model, the RC (Fig. 11), RP 

at the upper frequency of the working range in the sec-

tions 0,   30, 60 and 90° (Fig. 12), side lobes levels 

(SLL) in these RP sections and frequency dependen-

cies of the directivity and gain were measured. 

Fig. 13 shows diagrams of the SLL in different 

sections of the three-dimensional characteristic of the 

AA directivity. SLL here means the highest level of any 

of the side lobes of the antenna. In the Е  90    and 

Н  0   planes, this was the first side lobe, the level 

of which was approximately –12 dB across the entire 

frequency band. 

Fig. 14 shows the experimental frequency depend-

encies of the directivity antenna  exp ,D  gain  exp ;G  

the directivity graph of the co-phased uniformly excited 

ideal aperture  id ,D  of the equal studied antenna area 

is presented for comparison. 

Discussion. Two-wire waveguide transition. 

The essential dimensional parameter of the transition 

is its length  tr .L  Numerical studies show that this 

parameter determines the lower operating frequency 

of the transition. The overlap ratio of the working tran-

sition band at –20 dB is approximately 1.5. As can be 

seen from Fig. 10, the transfer ratio of the experi-

mental waveguide-two-wire transition in the working 

 

Fig. 11. Reflection coefficient from the antenna input 
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Fig. 12. Array radiation pattern at the frequency 26 GHz 

–90 –60 –30 0 30 60 

–40 

–30 

–20 

–10 

θ, ...° 

,  dBF  

30    

–90 –60 –30 0 30 60 

–40 

–30 

–20 

–10 

θ, ...° 

,  dBF  

60    

–90 –60 –30 0 30 60 

–40 

–30 

–20 

–10 

θ, ...° 

,  dBF  

90

-planeE

  
 

 

Fig. 13. The level of the maximum side lobe 

of the antenna radiation pattern 
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frequency band does not exceed –15 dB, but is sig-

nificantly higher than the calculated data. This dis-

crepancy may be due to the inaccuracy in the posi-

tioning of the printed line conductors relative to the 

waveguide ridges and the insufficiently precise se-

lection of the width of the two-wire line, which re-

sults in a mismatch. 

AA model. Since the aperture efficiency(AE) of a 

single emitter is less than 1, the grating lobes in the 

AA are not entirely suppressed. However, in the fre-

quency band of 18...26 GHz, their level does not ex-

ceed the level of the first side lobe, which is –12 dB. 

It follows from the experimental data that the grating pe-

riod min3.25 ,  is too long for the grating lobe level cri-

terion: at the upper frequency, their level reaches –12 dB. 

The grating lobes can be slightly reduced by shorten-

ing the grating period. 

The AE  аe  of the antenna is in the working fre-

quency band above 0.5 (Fig. 15). The efficiency (η) of 

the experimental sample is approximately 0.5, drop-

ping to 0.25 at the upper band limit. The AE can be in-

creased by reducing the grating period, while the use of 

lower loss materials is required to increase efficiency. 

Conclusion. The AA considered in the article al-

lows the standard IEEE-band of 18...26 GHz to be 

covered; the AE in the frequency band exceeds 0.5, 

while the level of side and the grating lobes do not ex-

ceed –12 dB. The application of a hybrid FN based on 

printed two-wire and waveguide lines allows losses in 

the printed line to be reduced. Although the overall ef-

ficiency of the experimental layout was relatively low, 

this can be corrected by the use of lower loss dielec-

trics for lens fabrication (e.g., polystyrene). 

The total thickness of the whole system was 

50 mm, which is equivalent min4.3 .  If the wave-

guide part is excluded from the design, the thickness 

can be reduced to min2.5  to ensure compactness of 

the AA at a wide working frequency range. 
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