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New structures of dielectric resonators, simultaneously performing the functions of antennas and input filters
of transceiver-transmitting devices of communication in the microwave wavelength range, are proposed. The
new structures have the form of coupled systems of dielectric resonators, some of which are located in the
segment of the evanescent waveguide and perform the functions of a band-pass filter, and the other part of the
resonators are located in open space and perform the functions of an antenna system. A part of the resonators
of the antenna subsystem has the form of dielectric semi-cylinders glued onto a metallic conductive screen
and plays the role of directors forming the radiation characteristic. Two cases of the same and different in
shape and material dielectric resonators are considered. For the case of dielectric resonators of different types,
using the perturbation theory, a system of equations was obtained for the coefficients of the expansion of the
scattering field from the known coupled oscillations of the system. Using the developed theory, the frequency
dependence of the reflection coefficient of the proposed antenna-filters was calculated. It is shown that the
proposed structures are characterized by much more rectangular amplitude-frequency characteristics, which
allows to effectively solve the problems of electromagnetic compatibility of several communication systems
using adjacent bandwidths. An additional advantage of the considered antenna filters are smaller dissipative
losses, which is important for reducing bit errors. Calculated radiation patterns of antennas in the far zone.
It is also shown that the radiation characteristics of the antennas do not change, or change only slightly
compared with antennas made only with the help of similar structures of dielectric resonators. The obtained
simulation results can significantly reduce computation time and optimize complex communication systems

that simultaneously perform channel separation and radiation functions.
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Introduction

When designing antennas, several practical
problems must be solved simultaneously: the necessary
radiation and loss characteristics are implemented;
stability of parameters in a given frequency band;
the level of cross-polarization is minimized; spurious
bandwidths are eliminated; electromagnetic compati-
bility with other systems are established [1-10]. Often,
these tasks cannot be solved in a single device; in this
case, you have to use several consecutively connected
elements, each of which performs specified functions,
for example, perform frequency filtering, in the input
channel. The coupling of several different elements of
the input paths leads to an increase in losses, which
is an undesirable phenomenon, therefore attempts are
being made to combine the functions of the antenna
and the input filter in one device. In reality, this goal
was not fully achieved in practice.

The purpose of this work is to describe and study

a new type of microwave devices built on dielectric
resonators (DRs), combining the functions of antennas

and filters. Simultaneous utilization of several devices
on the DRs in such antenna filters (AF) allows not only
to reduce losses, dimensions and cost, but also elimi-
nates the matching problems and generally simplifies
tuning.

In this article, we explore the scattering characteri-
stics of microwave input devices, based on DRs,
performing functions of the antennas and input filters.

1 Statement of the problem

The purpose of this article is to study the scatter-
ing characteristics of a new type of microwave devi-
ces — combining the properties of bandpass filters and
antennas made on dielectric resonators.

2 Antennas-filters calculation
From the experience of previous studies [11], the

structures shown in Fig. 1, have the best efficiency that
meet the requirements of the task.
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Let consider the general solution of the scattering
problem on the DRs structure shown in Fig. 1.

Suppose we have a complex system of N + M DRs,
part of which is located in the segment of evanescent
metal waveguide (M), and a part of it (N) is located in
open space (Fig. 1). The DRs 1,2, ..., M plays the role
of a bandpass filter, and the resonators 1,2, ..., N plays
the role of the antenna system. M-th DR is common

to both subsystems. Let a wave (E+,ﬁ+) falls on 1
DR of the system 1,2, ..., M via regular waveguide.

|
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S

Fig. 1. The structure of coupled DRs of the antenna-
filter. The partial DRs are denoted by circles; the
coupling of the DRs with transmission line and open
space on propagating waves are marked with wavy
lines; the coupling between DRs on damped and
propagation waves are marked with continuous lines.

We are looking for the solution of the scattering
problem on the coupling DR structure:

N+M
Ex~E"T + Z a’e’;
s=1
N+M
H~H"+ Y o'’
s=1

(1)

where a® are the unknown amplitudes (s = 1,2,..., N+
M) and (&, h*) are the s-th eigenoscillation field of the
coupled DR system [11]. The eigenoscillation field of
such system we represented as a superposition of fields
of the isolated resonators (&, k., ):

N+M N+M
&= e =Y b
n=1 n=1

Here &,, — is the electric field and i_in — 1is the
magnetic field of the n-th isolated DR. The matrix
B = ||b3 || of the amplitudes of coupled DR oscillations
should satisfy the equation system [11] and must be an
eigenvector of coupling operator K.

For the AF shown in Fig. 2, 3:
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where k; — is the coupling coefficient of the 1th
DR with the regular waveguide (Fig. 2, 3,a); ko is the
coupling coefficient of the M, ....(M+N) DR with open
space; ks, = ks, — is the mutual coupling coefficient of
the sth and tth resonators in the evanescent waveguide
if s < M and n < M and kg, is the mutual coupling
coefficient of split-cylindrical DRs in the open space
if s > M and n > M [12]. We assumed also that the
antenna array semi-resonators (Fig. 2, 3,a) are coupled
only between themselves and the resonator M. Mth
DR coupled with the evanescent waveguide through the
aperture in the metal screen.
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Fig. 2. The design of the AF on 7 cylindrical DRs
(M = 3; N = 4) with azimuthally symmetric magnetic
modes Hiy, (a) (61, = 36; QP =2-10% A = L/2rg =
0,25; L — is the height, rg — is the radius of the
cylindrical DR). Far-field radiation pattern in the E-
plane - continuous curve; in the H-plane — dotted curve
(b). The reflection coefficient of the antenna without
a filter (dashed curve) with a filter (solid curve) (c).
Module amplitude distribution of the 3-7 DR field (d).



38

Trubin A. A.

The found eigenvalue A and eigenvectors of the
matrix K

by A
B bl b2 bl R
b}v[+1v b?\/I+N b%l%

were used to solve the scattering problem on a system
of coupled DRs.
The reflection coefficient were determined from the
ratios [11]:
M+N

R(w) = Ro—m Z

where Ry is the reflection coefﬁment of the structure
without DRs;

det BS

()

bl bkt pMHN

| b2 - 0 b ©)
Brow - 0 . BN

kit o= (cref™)/(wowr) = ki3 Qu(w) = w/wo +

2iQP (w/wo—1—Ns/2); QP — is the dielectric Q-factor
of the resonators; wy = 27 fy; fo — is the oscillation
frequency of isolated microresonators.

Fig. 3. AF on 12 cylindrical DRs (M = 4; N = 8)
with azimuthally symmetric magnetic modes Hy, (a).
Far-field radiation pattern in the E-plane - continuous
curve; in the H-plane - dotted curve (b). AF reflection

coefficient as a function of the frequency (c). Module
amplitude distribution of the 4-12 DR field (d).

The field of the antenna in the wave zone was
represented in the form:

f-felE) o

Here A, = Z a®b} — is the amplitude of the ¢t—th

s=1
DR at scattering; [éfo hf"} — is the field of ¢-th

isolated DR in the wave zone.

3 Calculation of the antennas-
filters based on different DR

The use of different forms of DR in one device
often improves its scattering characteristics. In Fig. 4, 5
shows the design of AF based on cylindrical DR, made
of different dielectrics.

We assumed that the fields of the DRs satisfy
approximately the orthogonality conditions:

— N
B &
Al -2 )

Using Maxwell’s equations for the eigenoscillations
of isolated and coupled DRs and the scattering field, as
well as the orthogonality conditions (8), after integrati-
ng over the volume of each DR, we find a system of the
equations for the amplitudes a®:

(8)

M+N

> @b Qu(w) = ()" /PP

s=1 (9)
s,t=1,2,.... M + N,

where bj is the same amplitude of ¢-th resonator of s-th
coupled mode of the system on the frequency @?;

i, hy) E* (%) }ds;

is the integral over the surface s; of ¢t-th DR; 7

is the normal to the surface of t-th DR; PP =
5 |&;|*dv — is the loss power in the dielectric;
Ut

& = g — ie”’y — is the complex dielectric permittivity
of the t-th DR. For different DRs

wo S5t

Qst(w) = ZiQf) (w

QP = wowy/PP >
of t-th DR; w, = 1/4 [ AR —i—,uo‘ﬁt‘ )dv — is the

—@%)/wo + w/wo; (10)

— is the Q-factor of loss in dielectric

energy, stored in the dielectric of the ¢-th DR.

Formally, the solution of the system of equations (9)
has the form:

a’®(w) = — det Bg(w)/ det B(w), (11)
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where for structure showed on Fig. 4, 5:

b1Qu1(w) () /PP
Bu(w) = b3Q12(w) 0
birinQiman(w) ... 0
b N Qurni (w)
by PN Qarpna(w) |
b%i%QM-i.-NM+N(W)
B(w) =
bl Q11 (w) N Qurn (w)
— b3Q12(w) by N Qs n2(w)
bh Q1N (W) Dy EN@u NN (W)

Fig. 4. AF on different cylindrical DRs (g1, = 36; A1 =

0,2; QP =3-10%; g5, = 82; Ay = 0,5; Q¥ = 1-10%).

Far-field radiation pattern (b). Reflection coefficient as

a functions of the frequency (c). Amplitude distribution
of the 3-7 DR field (d).

The reflection coefficient R of different DR, system
can be obtained from (4), (1):

N
R(w) = Ro—c; Y a*(w)bi, (12)

where Ry is also the reflection coefficient of the
transmission line without DRs.
The field of the antenna can be represented in the
N
form (7), where A¢(w) = > a®(w)bs.

s=1

4 Calculation and study of the
AF parameters

a0 =
] f, GHz X
c d

Fig. 5. AF on 13 different cylindrical DRs (g1, = 36;

Ay = 0,44; QP = 3-10% o, = 82; Ay = 0,2). Far-

field radiation pattern (b). Reflection coefficient as a

functions of the frequency (c). Amplitude distribution
of the 3-7 DR field (d).

The developed theory was used to model and
analyze the characteristics of proposed AF. The radi-
ation characteristics of the AF, calculated on basis of
model (1)-(11), are shown in Fig. 2-5,b. Comparison
with the results obtained earlier [11,12] showed that
the radiation characteristics of the AF do not change,
or change only slightly compared with antennas made
only with the help of similar structures of dielectric
resonators. The dependences of the reflection coeffici-
ent at the input of devices are in Fig. 2-5,c¢ show a
increased squareness for the expansion of the frequency
band. Here S11(w) = 20lg|R(w)|; R(w) — is the
reflection coefficient (5), (12). The distribution of the
amplitude modules of the resonators in open space is
shown in Fig. 2-5,d. It can be seen that the “active
resonator” of the lattice has the maximum amplitude;
the amplitude of the resonators playing the role of
directors is noticeably smaller. The more efficiently the
array is used, the greater the relative amplitudes of the
passive resonators (Fig. 2-5,b,d).

It can be seen that the presented calculations
predict a noticeable improvement in the frequency
characteristics of the AF, which will significantly
improve the electromagnetic compatibility of devi-
ces when used in telecommunication wireless access
systems. The frequency reflection coefficient becomes
more rectangular (Fig. 2, 4). The working frequency
band is increasing.
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5 Discussion and Conclusion

The proposed devices can significantly improve the
frequency characteristics of the antennas performed on
the DRs.

A scattering theory of the electromagnetic waves on
new elements of receiving and transmitting communi-
cation systems has been developed. As our studies have
shown, the addition of DRs, playing the role of fi-
lters, slightly affects the characteristics of the antenna,
however, the antenna resonators have a noticeable
effect on the frequency scattering characteristics of the
reflection coefficient. Setting up such AFs will require
additional research on asymmetrical load filters.

The proposed theory can be used to model antennas
with account for more subtle diffraction effects. In
particular, our calculations did not take into account
the influence of the edges of the reflecting metal plane.
This problem can be solved by introducing additional
diffraction terms into the decomposition (1).

A developed analytical model can be wused
to directly optimize telecommunication and other
devices that are built on different types of di-
electric resonators. Obtained results can significantly
reduce the computation time for optimizing complex
communication systems, containing a large number of
DRs.
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BuBuenns iHTerpoBaHuX aHTeH-(PiAbLTPIB
HA JieJeKTPUYHNX Pe30HaATOpaX

Tpybin O. O.

3aIporrOHOBAHO HOBI CTPYKTYPH [i€JIEKTPUIHUX pe-
30HATOPIB, fAKI OHOYACHO BUKOHYIOTH (DyHKII aHTeH Ta
BXigHUX (BIIBTPIB MPUHMAIHHO-TIEPEIABAIILHUX TPUCTPOTB
3B’3Ky CAHTMMETPOBOTO Jiala30Hy JOBXKWH XBU/Ib. HOBI
CTPYKTYPH MAIOTh BWIVISI 3B’SI3aHUX MiXK CO00I0 CHCTEM
IeJIEKTPUYIHAX PE30HATOPIB, YACTHHA SIKUX DPO3TAIIOBAHA
y BiApi3Ky II03aMeKHOTO XBUJIEBOZY 1 BUKOHY€ (YHKIII
cMyroBoro GbinbTpy, a Apyra 4acTUHA PE30HATOPIB PO3Ta-
IIOBAHA y BIAKPUTOMY TIPOCTOPi i BUKOHYE (BYHKILI aHTEH-
HOI cucTemu. JacTwHA pe30HATOPIB AHTEHHOI MiACHCTEMH
Mae GopMy IieTeKTPUIHUX HOJIYIIIHIPIB, HAKIEEHUX HA
MeTajIeBUil TPOBITHWII €KpaH, i Ipa€ pOIb JUPEKTODIB,
gaki (OPMYIOTH XapaKTEPUCTHUKY BHUIIPOMIHIOBaHHS. Po3-
IJISHYTO [BA BUIMAJIKNA OJHAKOBUX Ta PI3HHX 3a (HOPMOIO
Ta MaTepiayioM AieeKTPUYHUX pe30HATOpiB. /l1g BUTaIKy
JieJIeKTPUYHUX Pe30HATOPIB PI3HMX BHUIIB, 33 JOIOMOLOIO0
Teopii 30ypeHb, Omep:KaHa CHCTEMa PIBHAHD g Koedi-
II€HTIB PO3KJIAZy AMILITYHA MOJIA DPO3CIIOBAaHHA 3a BiZO-
MUMU 3B’SI3aHUMU KOJIUBAHHSMY CHCTEMH. 3a JIOIIOMOTO0
po3BHUHEHOI Teopii po3paxOBaHI YaCTOTHI 3aJI€2KHOCTI KOe-
dimienTiB BinOUTTs 3ampornoHoBaHux aHTeH-GinsTpiB. Ilo-
Ka3aHO, IO 3aNPOIOHOBAHI CTPYKTYPU XapPaKTepU3yIOThCI
3HAYHO O1/IbII IPSIMOKY THUMU aMILIITYIHO-9aCTOTHUMY Xa-
PAKTEPUCTUKAME, L0 JO3BOJIsI€ €(dEKTUBHO BUPINIYyBATH
3aB/IaHHS €JIeKTPOMATHITHOI CyMICHOCTI JT€KITbKOX CHUCTEM
3B’A3KYy, dKi BUKODHCTOBYIOTH CYMiKHI YaCTOTHI CMYTH.
Jl0aTKOBOIO TIepeBaroi0 pPO3TJISHYTHX AHTeH-(IIbTPIB €
MEHII JUCUIATABHI BTPATH BXIiJHUX HIPUCTPOIB, IO € Ba-
KJIMBUM JijIsi 3MEHIIeHHA OlTOBMX HOMMJIOK. Po3paxoBani
JiarpaMu CIIpSIMOBAHOCTI aHTeH B majbHiil 30Hi. Ilokazamo,
0 XapaKTEePUCTUKKU BUIIPOMIHIOBAHHS AHTEH HE 3MIHIOKO-
ThCs, 300 3MIHIOIOTHCH HE 3HAYHUM 00PA30M y HOPIBHAHHI
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3 XapaKTePUCTUKAMU AHTEH, BUKOHAHUX TIIbKH 33 OIO-
MOTOI0 TMOMIOHUX CTPYKTYDP Ii€JIeKTPUYHIX DPE30OHATOPIB.
OrpumaHi pe3ysbTaTH J03BOJIAIOTH 3HATHO CKOPOTHTH 9acC
PO3PaxyHKIB Ta ONTHMI3yBaTH CKJIA[HI CHCTEMH 3B’ SA3KY,
SIKi OJTHOYACHO BUKOPHCTOBYIOTH ACTOTHE PO3ILIEHHS Ka-
HaJIB Ta BUKOHYIOTH (DYHKIT BUIIPOMIHIOBAMIB.

Karwost crosa: pisHi mieeKTpUYHI PE30HATOPH; PO3Ci-
IOBaHHS; aHTEeHN; CMYTOBi (DinbTpy

N3yuyenne wWHTErpupOBAHHBIX AHTEHH-
buabpTpOB Ha AMIIEKTPUIECKNX PE30HA-
TOpax

Tpybun A. A.
IlpenmoxkeHbl HOBBIE CTPYKTYDBI JUIJIEKTPHYECKHUX
PE30HATOPOB, OJIHOBPEMEHHO BBIMIOJIHLAIONE (YHKINNA

AHTEHH U BXOAHBIX (DUILTPOB IIPUEMO-IIEPEAIONIUX
YCTPOMCTB CBSA3W CAHTUMETPOBOTO JIMAMA30HA JJIMH BOJIH.
HoBbie cTpyKTypbl UMEIOT BUJ, CBA3aHHBIX MEXKy COOOH
CUCTEM [JUIJIEKTPUIECKUX DPE3OHATOPOB, YaCTh KOTOPBIX
PACIIOJIOXKEHA B OTPE3Ke 3alpeIebHOTO BOJHOBOZA U
BBIIOJTHAET (DYHKIUU TI0JI0COBOr0 (DUiabTpa, a apyras
YacThb PE30HATOPOB PACIOJIOXKEHA B OTKPBITOM IIPO-
CTPAHCTBE W BBITIOJHAET (DYHKIIUN AHTEHHONW CUCTEMBI.
YHacTh pe30HATOPOB AHTEHHON mOJCHCTEMBI uMeeT (op-
MY [AUAJIEKTPUYECKUX IOJIyLUUIMHAPOB, HAKJIEEHHbIX Ha
MeTa/JIMYECKUIl TPOBOJSAIIII SKpaH, W UTPAET POJIb H-
PEKTOPOB, (GOPMUPYIOIUX XAPAKTEPUCTUKY W3y ICHUS.

PaccmoTpeno aBa ciiydas oauHAKOBBIX U PA3HBIX MO opMme
¥ MaTepuasy JUIJIeKTPUIeCKUX pe30HaTopoB. s ciyuas
JM3JIEKTPUIECKUX PE30HATOPOB PA3HBIX BUIOB, C IIOMOIIBIO
TeOpHH BO3MYIIEHWi, IIO/[ydeHa CHCTeMa yPaBHEHHN s
K03 bUIMEHTOB PA3I0KEHUS TIOJST PACCESHUST 10 W3Be-
CTHBIM CBSI3aHHBIM KoJsiebamusMm cuctemel. C IOMOIIBIO
Pa3BUTON TeOPUU PACCUNTAHA YACTOTHAS 3ABUCHMOCTH
k03 durmeHTa OTpaXKeHWsT MPEIJIOKEHHBIX  aHTEHH-
dunprpos. IlokazaHo, 4YTO mpeayiaraeMble CTPYKTYDBI
XapaKTePU3yIOTCd 3HAYUTEJHHO 00jiee TPSMOYTOIbHBIME
AMIUTUTY/IHO-YACTOTHBIMHI XaPAKTEPUCTUKAMHU, TITO MTO3BO-
asetr 3Q@EeKTUBHO peraTh 33Ja9d  JIEKTPOMATHUTHON
COBMECTHUMOCTH HECKOJIbKUX CACTEM CBHA3H, UCIOJIb3YIOIINX
CMEKHBIE TIOJIOCHI TPOIyCKaHus. JIOMOHUTEIHHBIM TIPEN-
MYIIECTBOM DPACCMOTPEHHBIX AHTEHH-(DUIBTPOB SIBJISIOTCS
MEHbBIIINE [UCCUMATUBHBIE TOTEPU, UTO SBJISETCH BAaXKHBIM
JUIsT yMEHbIeHnst OUTOBBIX Omubok. Paccumransl quarpaM-
MBI HAIIPABJIEHHOCTH AHTEHH B JOajbHeil 30He. OTMedeHo
TaK)Ke, 9TO XAPAKTEPUCTUKN W3/IydeHWsI aHTEHH HE Me-
HSIIOTCSl, WM MEHSIIOTCS HE3HAUNTE/HHO 10 CPABHEHUIO C
AHTEHHAMH, BBIIIOJIHEHHBIMU TOJIHBKO C IIOMOIIHIO OMO0HBIX
CTPYKTYP IUIIEKTPUYIECKUX pPe30HaTopoB. llosrydennsie
Pe3yAbTATHl MOIEINPOBAHUS MTO3BOJISIIOT 3HAUUTEIHHO CO-
KPATUThb BpeMsl BBIUUC/IEHHUI ¥ ONTUMU3UPOBATD CJIOKHBIE
CHCTEMBl CBA3U, OJHOBPEMEHHO BBIIOJHAIOMNE (OYyHKIINN
pas3zesieHuss KaHAJIOB U (DYHKIMH U3JTyIaTesIei.

Karouesvie cro6a: pa3amdHble QUIIEKTPUIECKHAE PE30-
HATOPBI; PacCesiHre; AHTEHHA; TOJI0COBOM (DPUIBTP
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