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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 EB363B 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 4.3Amjn. In order

to ensure the compactness of the AR for wideband frequency applications, the thickness of the system can be
reduced to 2.50min 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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AHHOTauuA

BBepeHue. B cBA3M C 0OCBOEHVEM MUIIMETPOBOTO AMana3oHa 1 pa3BUTMEM CPeACTB LLUMPOKOMOAOCHOW CBA3N
VMeeTcs NOTPebHOCTb B aHTEHHbLIX CUCTeMax, KoTopble paboTann 6kl B LUMPOKOKM MOA0Ce YacToT (Mopsjka OkK-
TaBHOW), MMeNN BbICOKYIO HaNpaBAeHHOCTb N KOMMaKTHbIe pasMepsbl. MiMeroLmecs peLleHuns, Kak npasuio, He
YA0BNEeTBOPSIOT aHHbIM TPe6oBaHWAM.

Lenb pa6oTbl. KOHCTpyMpoOBaHMe 1 3KCNepyUMeHTanbHOe NCCef0BaHMe aHTeHHoN pelleTkn (AP) K-ananasoHa,
obnagatoLLeri BbICOKMM Ko3$dULIMEHTOM UCnonb3oBaHuA naoaan (KUM) n MansiMm NpoAosHbIMU pa3Mepami.
MaTepuanbl n MeToAbl. HcneHHble nccnegoBaHmsa nposogmnnce B CAMNP CBY (CST Studio Suite), akcnepumeH-
TaNbHble NCCIe40BaHMSA — Ha 060PYAOBaHUM 4151 BEKTOPHOro aHanm3a CBY-ueneii (Agilent EB363B PNA). Xapak-
TEPUCTUKM HanpaBAeHHOCTU N3MePSAANCh METOLOM CKaHMPOBaHNS BANXKHEro nons.

PesynbTatbl. [1peanoxeH BapmaHT peannsaumm LUMpokononocHor AP K-grnanasoHa (18...26 'Tu). Mepuog AP
coctaenset 2.25 ANVHbI BONHbI Ha BEPXHEeN YacToTe AnanasoHa. [nsg nogasneHusa gudpakLMOHHbIX J1enecTkos
NCMONBb30BaH AOMOAHUTENbHBIN COM, COCTOALLMIA U3 INH3 N3 NCKYCCTBEHHOMO HEOAHOPOAHOIO AN3NEKTPUKA,
CPOPMUPOBAHHbIN N3 TOHKUX GUTYPHBIX CI0EB IMCTOBOrO NoAn3TUNEeHTepedTanata. lpeanoxeHa rmbpuaHas
KoHbUrypaumsa gnarpammoobpasytoLeli cxemsl (4OC), B KOTOPOM 04Ha YacTb CXeMbl BbIMO/IHEHA Ha OCHOBeE Me-
YaTHbIX ABYXNPOBOAHbLIX IMHNIA Nepeaayn, a Apyras - Ha NPsSMOYro/bHblxX BofiHoBoAax. AP nmeet KCB Huxe 2
1 KM Bbiwe 0.5, ypoBeHb 6H0KOBbIX 1 ANPPAKLMOHHbBIX 1€MeCcTKOB He npeBbIlaeT -12 B gnanasoHe 18...26 Ty,
CymMMapHas To/LWMHa BCel cMCTeMbl cocTaBmaa 50 MM, UTO PaBHO 4.3Amin. ECIN 13 KOHCTPYKLMU UCKOUNTL

BOJIHOBOZHY!O YacTb, TOALWMHA MOXET bbITb YMEHbLLUEHa 0 2.50min, YTO 0becrneyrBaeT KOMNAKTHOCTL AP npu
LUINPOKOW Nosioce paboumx 4acTorT.

3akstoveHme. 10 CpaBHEHMIO C UMEIOLLIMMINCS peLLeHNsIMN aHTeHHa nmeeT 6onee npoctyto 40OC, 3a cyeT Yero
YNy4LLIaeTCst cornacoBaHve ¢ puaepoM. 3a cHeT NPUMEHEHUNS IMH3 U3 HEOAHOPOAHOMO AN3NeKTprKa obecneun-
BaeTCs BbICOKMIA anepTypHbI KUT B LLMPOKOV Nofoce YacToT.

KnroueBble cnoBa: aHTeHHas peLweTka, LUMPOKOMNO/I0CHaA aHTeHHa, HEOAHODOAHI:IIZ AVNSNEKTPUK, TNH30Bad aHTEHHA

Ana yutnposaHuna: AnekcaHapuH A. M., Canomartos HO. I1. SkcneprMeHTansHoe nccnefoBaHve LUMPOKONONOCHOM
aHTeHHoI peLleTku K-Arana3oHa ¢ UCno/b30BaHneM CTPYKTYP 13 UCKYCCTBEHHOMO HEOAHOPOAHOIO AN31eKTPYKa
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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 Aj,. The wavelength determines the
dimensions of broadband emitters at the lower operat-
ing frequency Amax. 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 0.5\pp.

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 tgo=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 10.67x4.32 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, /), 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.

Fig. 2. Waveguide divider
(without transitions to two-wire line)

Fig. 3. Bottom part of the waveguide divider (inside view).
Lines end with transitions to two-wire line

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.

b

Fig. 4. 1sometric view from the waveguide to transition two-
wire symmetrical line:
a — completely; b — without the walls of the waveguide

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 S;; 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.

Fig. 5. Experimental circuit from two transitions connected
with a fragment of the two-wire line

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.
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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

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

The AA model dimensions are
330 x 290 x 50 mm, therefore, the longitudinal size of
the antenna is 4.3\ yin-

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 ( Ly ).

16 18 20 22 24 26
I I I I I

f, GHz

Ly =26 mm

20

St1r| 0B

Fig. 9. Simulated frequency dependences of the reflection
coefficient modulus of the waveguide two-wire transition

16 18 20 22 24 26 f,GHz
-10 [ [ [ [ [
-15 2
1
St1¢,|.0B

Fig. 10. Reflection coefficient of the transition from
waveguide to two-wire line:
1 — calculation for Ly, =26 mm; 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 Sy,

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 £ (¢ =90°) and

18 20 22 24
-10 I I |

r

f, GHz

,dB

|S11

Fig. 11. Reflection coefficient from the antenna input

-90 —60 =30 0 30 60

H (¢=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 ( Dexp ) , gain (Gexp ) ;

the directivity graph of the co-phased uniformly excited
ideal aperture (Djq ), 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 (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

18 20 22 24

1, GHz

Fig. 13. The level of the maximum side lobe
of the antenna radiation pattern

-90 —60 =30 0 30 60
I I I I

IFl, dB IFl, dB
Fig. 12. Array radiation pattern at the frequency 26 GHz
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D, G, dBi

38

36_/\/\/-L/\
34 Cexp
32%\/\/\/</\’\

30 | | |
18 20 22 24

£, GHz
Fig. 14. Experimental dependencies of the directivity (Deyp ) and
gain (Gexp ) f the antenna, the directivity of an ideal aperture ( Dy )

€r M

0.7

0.6

0.5

0.4 | I I
18 20 22 24

f, GHz

Fig. 15. Aperture efficiency (e, )
and energy efficiency of the antenna (n)

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 3.25\pin, 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 (e, ) of the antenna is in the working fre-

quency band above 0.5 (Fig. 15). The efficiency (1) 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 4.3Ain. If the wave-

guide part is excluded from the design, the thickness
can be reduced to 2.5, to ensure compactness of

the AA at a wide working frequency range.

References

1. Pi Z., Khan F. An Introduction to Millimeter-Wave
Mobile Broadband Systems. |IEEE Communications Magazine.
2011, vol. 49, iss. 6, pp. 101-107. doi: 10.1109/MCOM.
2011.5783993

2.Cudak M., Ghosh A., Kovarik T., Ratasuk R., Thomas
T. A., Vook F. W., Moorut P. Moving Towards Mmwave-
Based Beyond-4G (B-4G) Technology. 2013 IEEE 77t Vehic-
ular Technology Conf. Dresden, Germany, 2-5 June 2013.
Piscataway, [|EEE, 2013, pp. 1-5. doi: 10.1109
/VTCSpring.2013.6692638

3. Shaddadab R. Q., Mohammada A. B., Al-Gaila-
niac S. A., Al-hetarb A. M., Elmagzouba M. A. A Survey on
Access Technologies for Broadband Optical and Wireless
Networks. J. of Network and Computer Applications. 2014,
vol. 41, pp. 459-472. doi: 10.1016/j.jnca.2014.01.004

4. Selva D., Golkar A., Korobova O., Lluch i Cruz I., Col-
lopy P., de Weck O. L. Distributed Earth Satellite Systems:

What is Needed to Move Forward? J. of Aerospace Infor-
mation Systems. 2017, vol. 14, no. 8, pp. 412-438. doi:
10.2514/1.1010497

5. Alexandrin A. M. Implementation of a Radially In-
homogeneous Medium and Construction of the Aperture
Antennas on its Basis. 2013 Intern. Siberian Conf. on Con-
trol and Communications (SIBCON 2013). Krasnoyarsk,
Russia, 12-13 Sept. 2013. Piscataway, IEEE, 2013. doi:
10.1109/SIBCON.2013.6693593

6. Alexandrin A. M., Ryazantsev R. O., Salomatov Y. P.
Numerical Optimization of the Discrete Mikaelian Lens.
2016 Intern. Siberian Conf. on Control and Communica-
tions (SIBCON 2016). Moscow, Russia, 12-14 May 2016.
Piscataway, IEEE, 2016. doi: 10.1109/SIBCON.2016.7491859

7. Aleksandrin A. M., Salomatov Yu. P. Wideband An-
tenna Array with the Use of Artificial Inhomogeneous Di-
electric Structures. Doklady Tomskogo gosudarstvennogo

3RCHepI/lMeHTaJ'ILH06 HccjieA0BaHue l.llPlpOKOl'IO.]'lOCHOﬁ AHTEHHOI pelIeTKH K-nunana3ona

39

C HCMOJIB30BAHUEM CTPYKTYP M3 HCKYCCTBCHHOT0O HEOAHOPOAHOT0 TUIJICKTPUKA

Experimental Study of K-band Broadband Antenna Array

Using Artificial Inhomogeneous Dielectric Structures



H3Bectns By3os Poccun. Pagnosiexkrponnka. 2019. T. 22, Ne 5. C. 33-41
Journal of the Russian Universities. Radioelectronics. 2019, vol. 22, no. 5, pp. 33-41

universiteta sistem upravleniya i radioelektroniki [Proc. of
Tomsk State University of Control Systems and Radioelec-
tronics]. 2012, no. 2 (26), pp. 7-10. (In Russ.)

8. Munk B. A. Finite Antenna Arrays and FSS. Hobo-
ken, NJ, USA: John Wiley & Sons, Inc, 2003, 392 p.

9. Gross F. B. Frontiers in Antennas: Next Generation
Design & Engineering. New York, McGraw-Hill, 2011, 526 p.

10. Volakis J. L. Antenna Engineering Handbook. New York,
McGraw-Hill, 2007, 1754 p. doi: 10.1002/9780471730071.ch1

11. Lee].J., Livingston S., Nagata D. A Low Profile 10:1
(200-2000 MHz) Wide Band Long Slot Array. 2008 IEEE An-
tennas and Propagation Society Intern. Symp. San Diego, CA,
USA, 5-11 July 2008. Piscataway, IEEE, 2008, vol. 1, pp. 61-
64. doi: 10.1109/APS.2008.4619302

12.YounH.S,, LeeY. L., Celik N., Iskander M. F. Design
of a Cylindrical Long-Slot Array Antenna Integrated with

Hybrid EBG/Ferrite Ground Plane. IEEE Antennas Wirelless
Propagation Lett. 2012, vol. 11, pp. 180-183. doi: 10.1109
/LAWP.2012.2186782

13.Yi)., de Lustrac A,, Piau G.-P., Burokur S. N. Lenses
Designed by Transformation Electromagnetics and Fabri-
cated by 3D Dielectric Printing. 2016 IEEE Antennas Propag.
Soc. Int. Symp. (APSURSI 2016). Fajardo, Puerto Rico,
26 June-1 July 2016. Piscataway, IEEE, 2016, pp. 1385-
1386. doi: 10.1109/APS.2016.7696399

14. Kotljar V. V., Meljohin A. S. Abel Transform in Syn-
thesis of Gradient Optical Elements. Computer Optics.
2002, no. 3, pp. 29-36. (In Russ.)

15. Triandafilov Ya. R., Kotlyar V. V. Photonic Crystal
Mikaelian Lens. Computer Optics. 2007, vol. 31, no. 3,
pp. 27-31. (In Russ.)

Information about the authors

Anton M. Aleksandrin, Master’s degree in Radio Engineering (2009), postgraduate, senior lecturer of Radio
Engineering Department of the Siberian Federal University (SFU). The author of 20 scientific publications. Area of
expertise: antennas and microwave devices; wideband antennas and antenna arrays.

Address: Siberian Federal University, 79 Svobodny Str., Krasnoyarsk 660041, Russia

E-mail: aalexandrin@sfu-kras.ru
https://orcid.org/0000-0002-8428-5562

Yury P. Salomatov, Cand. Sci. (Eng.) (1982), Professor (2013) of Department of Radio Engineering of the Si-
berian Federal University. The author of 240 scientific publications. Area of expertise: phased arrays; digital phased

arrays; quasi-optical antennas and antenna arrays.

Address: Siberian Federal University, 79 Svobodny Str., Krasnoyarsk 660041, Russia

E-mail: ysalomatov@sfu-kras.ru
https://orcid.org/0000-0003-4309-226 X

40 BKCHepHMeHTaHLHOC Hccjiea0BaHue lJ.lPlpOKOl'lO.]'lOCHOﬁ aHTEHHOI pelIeTKH K-auana3zona
€ HCMOJIB30BAHUEM CTPYKTYP U3 HCKYCCTBCHHOTO HEOAHOPOAHOT 0 TUIJICKTPUKA

Experimental Study of K-band Broadband Antenna Array

Using Artificial Inhomogeneous Dielectric Structures



W3Bectus By30oB Poccun. Pagnodiekrponnka. 2019. T. 22, Ne 5. C. 33-41
Journal of the Russian Universities. Radioelectronics. 2019, vol. 22, no. 5, pp. 33-41

Cnuncok nuTepaTtypsbl

1.PiZ.,Khan F. An Introduction to Millimeter-Wave Mobile
Broadband Systems // IEEE Communications Magazine. 2011.
Vol. 49, iss. 6. P. 101-107. doi: 10.1109/MCOM.2011.5783993

2. Moving Towards Mmwave-Based Beyond-4G (B-4G)
Technology / M. Cudak, A. Ghosh, T. Kovarik, R. Ratasuk,
T. A. Thomas, F. W. Vook, P. Moorut // 2013 IEEE 77t Ve-
hicular Technology Conf. Dresden, Germany, 2-5 June
2013. Piscataway: IEEE, 2013. P. 1-5. doi: 10.1109
/NTCSpring.2013.6692638

3. A Survey on Access Technologies for Broadband
Optical and Wireless Networks / R. Q. Shaddadab, A. B. Mo-
hammada, S. A. Al-Gailaniac, A. M. Al-hetarb, M. A. Elma-
gzouba // ). of Network and Computer Applications. 2014.
Vol. 41. P. 459-472. doi: 10.1016/j.jnca.2014.01.004

4. Distributed Earth Satellite Systems: What is Needed
to Move Forward ?/ D. Selva, A. Golkar, O. Korobova, I. Lluch
i Cruz, P. Collopy, O. L. de Weck // ). of Aerospace Infor-
mation Systems. 2017. Vol. 14, Ne 8. P. 412-438. doi:
10.2514/1.1010497

5. Alexandrin A. M. Implementation of a Radially In-
homogeneous Medium and Construction of the Aperture
Antennas on its Basis // 2013 Intern. Siberian Conf. on
Control and Communications (SIBCON 2013). Krasno-
yarsk, Russia, 12-13 Sept. 2013. Piscataway: IEEE, 2013.
doi: 10.1109/SIBCON.2013.6693593

6. Alexandrin A. M., Ryazantsev R. O., Salomatov Yu. P.
Numerical Optimization of the Discrete Mikaelian Lens //
2016 Intern. Siberian Conf. on Control and Communica-
tions (SIBCON 2016). Moscow, Russia, 12-14 May 2016.
Piscataway: IEEE, 2016. doi: 10.1109/SIBCON.2016.7491859

7. AnekcaHgpuH A. M., Canomartos HO. 1. LLinpokono-
JIOCHasA aHTeHHas peLleTka C UCMONb30BaHEM CTPYKTYP

N3 UCKYCCTBEHHOrO HEOAHOPOAHOIO AnanekTpuka // Aokn.
ToMCKOro rocyapCTBeHHOMO YHMBepcUTeTa CUCTEM YrpaB-
JIeHVs 1 paamoanekTpoHnkn. 2012, Ne 2 (26). C. 7-10.

8. Munk B. A. Finite Antenna Arrays and FSS. Hobo-
ken, NJ, USA: John Wiley & Sons, Inc, 2003. 392 p.

9. Gross F. B. Frontiers in Antennas: Next Generation
Design & Engineering. New York: McGraw-Hill, 2011. 526 p.

10. Volakis J. L. Antenna Engineering Handbook. New
York: McGraw-Hill, 2007. 1754 p. doi: 10.1002
/9780471730071.ch1

11. Lee].]., Livingston S., Nagata D. A Low Profile 10:1
(200-2000 MHz) Wide Band Long Slot Array // 2008 IEEE
Antennas and Propagation Society Intern. Symp. San Diego,
CA, USA, 5-11 July 2008. Piscataway: IEEE, 2008. Vol. 1.
P. 61-64. doi: 10.1109/APS.2008.4619302

12. Design of a Cylindrical Long-Slot Array Antenna In-
tegrated with Hybrid EBG/Ferrite Ground Plane / H. S. Youn,
Y. L. Lee, N. Celik, M. F. Iskander // IEEE Antennas Wirelless
Propagation Lett. 2012. Vol. 11. P. 180-183. doi: 10.1109
/LAWP.2012.2186782

13. Lenses Designed by Transformation Electromagnetics
and Fabricated by 3D Dielectric Printing /J. Yi, A. de Lustrac,
G.-P. Piau, S. N. Burokur // 2016 IEEE Antennas Propag.
Soc. Int. Symp. (APSURSI 2016). Fajardo, Puerto Rico,
26 June-1July 2016. Piscataway: IEEE, 2016. P. 1385-1386.
doi: 10.1109/APS.2016.7696399

14. Kotnap B. B., MenexuH A. C. NMpeo6pasoBaHue
Abens B3afayax CMHTe3a rpajnMeHTHbIX ONTUYEeCKNX de-
MeHTOB // KomnbroTepHas onTtuka. 2002. Ne 3. C. 29-36.

15. Tpnanaadunos 4. P., Kotnap B. B. PoTOHHO-KpU-
cTannuyeckas nMH3a MukasnsaHa // KomnbtoTepHas on-
Tnka. 2007. T. 31, Ne 3. C. 27-31.

NHPopmauma 06 aBTopax

AJjiexcaHapuH AHTOH MuXaiil0BHY — MarucTp 1o HanpasieHuio "Pagunorexnuka" (2009), acupanr, ctapmumit
mpenonaBaTensb kKagenpsl "Pagnorexnuka’ Cubupckoro ¢enepansHoro yHuBepcutera. ABTop 20 Hay4HBIX padoT.
Codepa HaydHBIX HHTEpECOB — aHTeHHBI 1 CBU-ycTpoiicTBa; MIMPOKOIMOIOCHBIE aHTEHHBI M AaHTEHHbIE PEIIETKH.
Anpec: Cubupckuii penepanbHblii yHuBepeuTer, np. CBodoaHsii, 79, r. KpacHosipck, 660041, Poccus

E-mail: aalexandrin@sfu-kras.ru
https://orcid.org/0000-0002-8428-5562

Canomaros FOpuii IlerpoBuy — kauaumar rexandeckux Hayk (1982), mpodeccop (2013) kadenpst "Paguorex-
Huka" Cubupckoro denepansHoro yausepcutera. ABTop 240 HaydsbIx paboT. Chepa HaydHbIx uHTEpECOB — DAP;

LH®AP; kBazuonTuyeckue aHTEHHbI U aHTEHHbIE PELLETKH.

Anpec: Cubupckuii GpenepanbHblid yHUBEpCUTET, p. CBoOoaHbIH, 79, r. KpacHospck, 660041, Poccus

E-mail: ysalomatov@sfu-kras.ru
https://orcid.org/0000-0003-4309-226 X

3RCHepI/lMeHTaJ'ILH06 HccjieA0BaHue l.llPlpOKOl'IO.]'lOCHOﬁ AHTEHHOI pelIeTKH K-nunana3ona

41

C HCMOJIB30BAHUEM CTPYKTYP M3 HCKYCCTBCHHOT0O HEOAHOPOAHOT0 TUIJICKTPUKA

Experimental Study of K-band Broadband Antenna Array

Using Artificial Inhomogeneous Dielectric Structures



