Hayxosi npani OHA3 im. O.C. Ilonosa, 2018, Ne 2

UDC 625.151.7
OUT-OF-BAND CHARACTERISTICS OF THE MICROSTRIP ANTENNA

Siden S.V.

0O.S. Popov Odesa national academy of telecommunications,
1 Kuznechna St., Odessa, 65029, Ukraine.

ssidenl@live.com

MMO3ACMYTOBI XAPAKTEPUCTUKH MIKPOCMY ) KKOBOI AHTEHH

Cioens C.B.

Ooecvka Hayionanvua akademis 36’sa3ky im. O. C. Ilonosa,
65029, Yrpaina, m. Odeca, syn. Kysneuna, 1.
ssidenl@live.com

BHEIIOJIOCHBIE XAPAKTEPUCTHKHA MUKPOIIOJIOCKOBOM AHTEHHBI

Cuoenw C.B.

Ooecckasn nayuonanvhas axademus ceszu um. A. C. Ilonosa,
65029, Vkpauna, 2. Odecca, yn. Kysneunas, 1.
ssidenl@live.com

Abstract. The development of wireless communication systems is accompanied by both the
development of new frequency ranges and the simultaneous use of one band of frequencies by several radio
services. This fact leads to an increase in the number of noise and the deterioration of the electromagnetic
environment. The level of electromagnetic interference at the input of the receiver depends to a large extent
on the spatial characteristics of the antennas, such as the directional diagram and the magnitude of the gain
in a particular direction. For the efficient operation of wireless communication systems, it is necessary to
ensure the electromagnetic compatibility of radio electronic devices. In the case of radio systems operating
at different frequencies, or if there are out-of-band and unwanted radiation, the electromagnetic environment
assessment process is considerably more complicated. The main characteristics of the antennas, such as
the radiation pattern, gain, input impedance, polarization, and others, are often indicated only for the
operating frequency range, while the characteristics outside operating range are unknown. Therefore, it is
relevant to study the frequency characteristics of antennas outside the operating frequency range.

The main electrodynamic characteristics of a rectangular microstrip antenna outside operating
frequency range are considered. The results are obtained by the numerical simulation, based on the method
of moments in the frequency domain. The calculated frequency dependencies of the directivity and the gain
factor taking into account out-of-band properties of the impedance at the antenna input make it possible to
more accurately take into account levels of the electromagnetic interference and thereby ensuring the
electromagnetic compatibility of the radio electronic means.

Key words: out-of-characteristics, microstrip antennas, electrodynamic modelling, electromagnetic
compatibility.

AHoTauif. Po3BuTOK 6e34pOoTOBUX CUCTEM 3B’A3KY CYNPOBOMKYETLCH, SIK OCBOEHHSAM HOBUX
YaCTOTHUX Aiana3oHiB, Tak i OAHOYACHMM BUKOPUCTAHHSAM OLHIET CMyrM YacToT Aekinbkoma pagiocnyxbamu.
OaHun cakT Bege A0 36inbLUeHHS KiNbKOCTi 3aBaf, Ta MOripLUEHHSA eneKkTpomarHiTHoi o6cTaHoBKM. PiBeHb
ernekTpomarHiTHOI 3aBaZv Ha BXOi NpunMada 3Ha4YHOK MIPOK 3aneXuTb Big NPOCTOPOBUX XapaKTepuUCTUK
aHTeH, Taknx 9K giarpama cnpsAMoOBaHOCTI Ta BeNnnuMHa kKoedillieHTa nigCUneHHs y KOHKPETHOMY HanpsaMKy.
Ons edektnBHOi poboTn 6e34pPOTOBMX CUCTEM 3B’A3KY HEOOXiAHO 3abe3neynTn enekTpoMarHiTHy CyMiCHICTb
pagioenekTpoHHMX 3acobiB. Y BMNagKy, KONMM pagiocMcTeMM MpPaUolTb Ha pi3HMX YactoTax abo malTb
MicLle no3acmyroBi Ta HebaxaHi BUMPOMIHIOBAHHS, NMPOLIEC OLUIHKW eNEeKTPOMAarHiTHOi 0OCTaHOBKM 3HAYHO
ycknagHioeTbesl. OCHOBHI XapaKTEPUCTMKN aHTEH, TaKi SK diarpamMa cnpsAMOBaHOCTI, KoedilieHT NigCUNeHHs,
BXiOHWI onip, MonspM3auia Ta iHWi HandacTilwe BKa3ylTbCA TiNMbKM A8 pobo4oro AianasoHy 4acTtoT, B TOM
Yac K XapakTepUCTUKM 3a MOro Mexamun € HeBiZoMUMUW. TOMY akTyanbHUM € OOCILXEHHS1 4YaCcTOTHUX
XapakTepucTMK aHTEeH No3a CMyro pobo4voro AianasoHy. Y AKOCTi gocnigxyBaHoi mogerni 6y o6paHuii oguH
i3 PO3MOBCIOMAXKEHUX TUMNIB @HTEH — MIKPOCMYXKOBa aHTeHa 3 BUMNPOMIHIOBA4YeM NPSMOKYTHOI dopmu. Y
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cTaTTi NpeACTaBreHi YacTOTHI 3aneXHOCTI OCHOBHMX MapameTpiB aHTEeH Yy LUMPOKOMY Adiana3oHi 4yacToT
(2...10 TTu), 9ki OTpMMaHi LINAXOM pPO3pPaxyHKy OCHOBHMX XapaKTEPUCTMK Ha OCHOBI 4MCENbHOro
MoZeNtoBaHHs. [pvHLUMN pPO3paxyHKOBOrOo MoAyns 6as3yeTbCcsl Ha po3B’A3aHHi AudpakuiHoi 3agjadi Ha
OCHOBiI METOAY MOMEHTIB Y YacTOTHIN obnacTi. Po3apaxoBaHi 4aCTOTHi 3aneXXHOCTi KoeqiLliEHTIB CrpsAMOBaHOi
aii (KCO) ta nigcunenHsa (KIM) 3 ypaxyBaHHAM MO3acMyroBMX BMacTUBOCTEW BXIQHOrO iMnegaHcy aHTeHu
003BONATb OiNbll TOYHILLE BpPaxoBYBaTW PiBHI €MEKTPOMArHiTHUX 3aBag MpWU OLiHL enekTpoMarHiTHoOi
0OCTaHOBKM, TUM CaMUM 3a0e3MNeYnTn eNeKTPOMarHiTHy CyMIiCHICTb pafioeneKTpoHHMX 3acobiB.

Knro4yoBi cnoBa: no3acMyroBi XapakTepUCTUKU, MIKPOCMYXKOBI aHTEHU, enekTpoanHamivuHe
MOZEMNOBaHHSA, eNeKkTpoMarHiTHa CyMiCHICTb.

AHHOTaumA. Pas3Bntue 6ecnpoBOOHbIX CUCTEM CBSI3W COMPOBOXAAETCS, KaKk OCBOEHMEM HOBbIX
YaCTOTHbIX AManasoHoB, Tak M OAHOBPEMEHHbIM WCMOMb30BaHWEM OOHOW MNOMOChI 4YacTOT HECKONbKUMMU
pagunocnyxbamu. [JaHHbIN hakT BeOeT K yBENMYEHUIO KONMYECTBa NOMEX M YXyALEHMNIO NEeKTPOMarHUTHON
06CTaHOBKW. YPOBEHb 3MIEKTPOMArHMTHOM NMOMEXU Ha BXoAe MpUeMHMKa B 3Ha4YMTENbHOW CTENeHWN 3aBUCUT
OT MPOCTPAHCTBEHHbIX XapaKTEPUCTUK aHTEeHH, TakuX Kak guarpamma HanpasfieHHOCTU W BenuyuHa
KoabmLMEHTa YCUNEHUS B KOHKPETHOM HanpaeneHun. ns acpdektmBHon paboTel 6ecnpoBOAHbIX CUCTEM
CBA3NW Heobxoaumo o06ecneyvnTb INEeKTPOMarHUTHYI0 COBMECTMMOCTb PafMO3NEKTPOHHbLIX cpeacTs. B
criyyae, korga pagumocucTeMbl paboTalT Ha pasHbiX YacToTax MM MMEKT MeCTO BHEMOSoCHble U
HexxenaTtenbHble U3My4YeHUs MPOLLECC OLEHKU 3MEeKTPOMAarHUTHON OBCTaHOBKM 3HAYMTENBbHO YCHOXHAETCS.
OCHOBHblE XapaKTEepUCTUKN aHTEeHH, Takue Kak AmarpaMma HanpaBreHHOCTW, KOAPUUMEHT ycuneHwus,
BXOJHOE COMpPOTUBIIEHWe, MoNsapu3auns W Apyrve, Yalle BCero ykasblBaloTCH Tonbko Ans pabodero
AmanasoHa 4acToT, B TO BPEMS KaK XapakTEepUCTUKM 3a ero npegenaMmv HeM3BeCTHbI. [103ToMy akTyanbHbIM
AIBNSIETCA UCCneaoBaHWe YacTOTHbIX XapakTepuCTMK aHTeHH BHe Momnockl paboyero AuanasoHa.
PaccMOTpeHbl OCHOBHbIE 3MEKTPOAUHAMUYECKME XapPaKTEPUCTUKM  MPAMOYrOfibHOM  MUKPOMOSIOCKOBOK
aHTeHHbl 3a npegenamu paboyero AmanasoHa 4acToT. PesynbTaTbl MOfyyYeHbl HA OCHOBE YMCIIEHHOrO
MOZENMPOBaHUsl, OCHOBAHHOrO Ha MeToAe MOMEHTOB B 4acTOTHOM obnactu. PaccuuTaHHble 4acTOTHble
3aBMCUMOCTU KoadhdmumeHTa HanpasneHHoro aenctensa (KHO) n koaddumumnenta ycunerus (KY) ¢ yuetom
BHEMOMNOCHbLIX CBOWCTB BXOOHOMO0 MMMedaHca aHTEeHHbl NO3BONsAloT 6Goree TOYHO YyuuTbiBaTb YPOBHU
9MNEeKTPOMarHUTHbIX MOMEX MpU OLEHKe 3SMeKTPOMarHUTHOM OOGCTaHOBKM M TemM cambiM obecneudnTb
3NEKTPOMarHUTHY0 COBMECTUMOCTb PaAMO3NEKTPOHHBLIX CPEeACTB.

KnroueBble crnosa: BHEMOSOCHbIE XapaKTepucTuku, MMKPOMOSIOCKOBbIE aHTEHHBI,
3NEeKTPoANHaMUYECKOE MOAENMPOBaHNE, SNEKTPOMarHMTHas COBMECTUMOCTb.

The fast development of wireless communication systems is accompanied both by mastering
of new frequency ranges and using frequency bands by several radio services. This fact leads to the
increasing of number of interference channels and decreasing of signal-to-noise ratio and
deterioration of electromagnetic compatibility (EMC) of radio means and their efficiency.

There are two type of electromagnetic interference in wireless communication systems:

— interference caused by electromagnetic coupling between hardware nodes or between

two or more elements of which are a short distance from each other;

— interference caused in radio engineering system penetrating through antenna. This type

of interference is possible both for near and remote systems.

Level of electromagnetic interference (EMI) at an antenna input can be expressed by
follows:

PR(fi): PT(f;)"' GT(fi’eTR’(PTR)-l_ GR(fi’eRT’(PRT)+L(d)’ dB, (1)

f; is the frequency of interference; P, ( fl) is the power of transmitter; G, ( 1 Gm,(pm) is the transmit

¢7Rr) is the receive antenna gain in

antenna gain in the direction of the receive antenna; G, ( Ji Opr,

the direction of transmit antenna; L(d ) is the path loss at the distance d .

From (1) it follows that level of the EMI and, accordingly, EMC greatly depends on spatial
parameters of antennas. It is known that from the main parameters which influence at EMC of radio
electronic means almost one-third is defined by characteristics of antennas [1].

In the case when the transmit and receive antennas operate at different frequencies or when
we have out-of-band and unwanted radiation the process of electromagnetic situation, evaluation is
more complicated. Namely, we need to know the directional characteristics of antennas outside the
operating frequency band. But usually those characteristics are unknown. Also it should be noted
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that in EMC problems, it is necessary to know not only level of the maximum antenna gain but also
it level in some defined direction.

The main characteristics of antenna such as radiation pattern in two planes, half-power beam
width of the major lobe, antenna gain, input impedance, polarization is usually indicated in the
technical documentation of antenna. In many cases those parameters are known only for the
operating frequency band and parameters outside this range are unknown.

The change in electrodynamics characteristics of antenna outside operating frequency range
is due to the following factors:

— frequency dependencies of radiation currents on antenna surfaces;

— changing of parameters of feeding scheme;

— frequency dependencies of impedance at the antenna input.

Therefore, the frequency dependency of antenna gain has an inhomogeneous and complex
character of which are relatively small values and its bursts can be observed. The goal of this
investigation is to analyze main characteristics of the microstrip antenna outside operating
frequency range. The results can help more exactly estimate electromagnetic environment and
increase efficiency of wireless systems.

In EMC problems radiation pattern of antenna is usually divided on two regions: major
lobe/main beam (region of useful radiation); side and back lobes (region of unwanted radiation).

For the estimation of antenna gain in the region of useful radiation outside the operating
frequency range the mathematical models based on statistical data are used. One of them is
presented in [2]. In this model, the operating frequency range antenna gain is presented as a random

value which has a normal distribution law with a mean G, dB and mean deviation ¢, =2 dB.

Usually to estimate level of influence out-of-band characteristics of antennas mathematical
models are used. These models cause significant difficulties of mathematical nature. Therefore, the
use of modern methods of analysis, based on numerical calculation of electrodynamics problems
becomes more actual.

In this research a model of the one of the most popular type of antenna was chosen —
microstrip (patch) antenna (MSA). Due to its compact size and small weight, those antennas are
used in aviation, rocket and space industries. In addition, MSA’s are used in mobile communication
and broadband wireless systems. In general, this type of antenna consists of microstrip radiator,
dielectric substrate and screen (ground).

Due to the simplicity of calculation the most used type of MSA is antenna with rectangular
radiator. Figure 1 shows investigation model of antenna in the Cartesian coordinate system with the

indicated main geometrical parameters.
=

Figure 1 — Geometry of the MSA
The main parameters for calculation MSA usually are: resonant frequency f. and height of
the dielectric substrate /. For estimation of characteristics in wide frequency range, next typical
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values of the parameters: f =3 GHz and ~#=2 mm were chosen . As a dielectric substrate
material with dielectric permittivity g, = 2,3 was chosen.

The calculation procedure of main geometrical dimensions of MSA is presented in [3].
The width of a rectangular radiator (RR) can be calculated as follows:

c 2
= ()
2f \e 1
c is the speed of light in a free space.
Effective length of RR for main mode 7Moyio can be found using expression:
c
L= " 24L, (3)
2f. By
g, 1s effective dielectric permittivity of substrate. If ratio W/h >1 it can be found by the formula:
-0.5
sref,:8*+1+8’_1[1+12h} . @
' 2 2 w

AL is an extended incremental length of RR. A very popular and approximate relation for the
normalized extension of the length is

(6,0, +03) " +0264
AL h

(6,0 — 0.3{h+ 0.8)

For chosen resonant frequency 3 GHz the optimal dimensions are W =389 mm and
L =319 mm.
The value of the impedance at the antenna input depends on conductivity of the slots G,

)

and their mutual influence G,

|
R, = > (6)

(G £G,)
where sign + is depends on resonant voltage distribution beneath the patch and between the slots.
Value of the input impedance at the edge of RR lies in the range 150-300 ohms. For
matching MSA with microstrip line, it is necessary to significantly reduce the width of the line. It
leads to the increased losses in conductor and complicates the implementation of the antenna.
That’s why to match MSA and feed line, different matching techniques are used, e.g. using
quarter wavelength transformer. But more spread variant of matching is a displacement of a feed
point along x axis relative to the middle of the RR on value x,:

X, = Larccos( /W], (7)
n \ Rin
where W is resistance of the feed line.

In the case of feeding by coaxial line with characteristics impedance 50 ohms, in our case
feed point will be at x, =8 mm.
The presented results are obtained by the calculating of the main electrodynamic

characteristics of the MSA on the basis of numerical simulation. The principle of the calculation
module is based on the solution of the diffraction problem based on the method of moments
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(Bubnov-Galerkin method). This method is based on the representation of each of the surface of
antenna element in the form of triangular segments. This makes it possible to solve the problem of
determining the amplitude-phase distribution of currents on the antenna surfaces to solve the system
of linear algebraic equations [4].

For investigation of characteristics MSA in wide frequency range, the range from 2 to 10
GHz with discrete step 20 MHz was chosen.

One of the main features of the MSA is a narrow operating frequency range due to rapid
changing real and imaginary part of the input impedance. In Fig. 2 shows frequency dependencies
of the input impedance of the investigated model.

7, Ohm

f —Re(2)
15?) A ] —iIm(Z) /\/
- /ﬂ\ |
pol I R \wails /
20 JIN/ /] -
20
s s 6 7 8 9 fGHz

Figure 2 — Dependence of input impedance on frequency

In microstrip lines propagate TM type waves. The resonant frequency for such type can be

calculated as follows [5]:
c mrY (nn) pr ?
=+ | > 8
o 2@5\/( h) [Lj (Wj ®

m, n and p represent the number of half-cycle field variation along z, y and x directions,
respectively.
The dominant mode of MSA is the TMo10 whose resonant frequency is given by:

c
= 9
Jouo 2L e, ©)

With increase in frequency appearance of higher modes are possible. In investigated case are
observed modes TMoo> and TMo:2, for resonances frequency are observed at frequencies f,,, ~5

GHz and f, ~6 GHz, respectively. In

further increase in frequency MSA loses
resonant properties. 5

The level of matching antenna
and feed line can be estimated by

|‘Y11|) dB

-10

complex reflection coefficient ‘ S‘“‘ at the T AR SRS N NS SO SN N R

antenna input (Fig. 3). 920 e
From Fig. 4 it can be seen, that at | ‘ | | ‘ ‘

all resonant frequencies the value of 25, 3 4 : G ) 3 5 7 GHy

reflection coefficient less than -10 dB. It ‘

means good level of matching antenna Figure 3 — Reflection coefficient

and microstrip line.
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Figure 4 — Dependencies of directivity and antenna gain in different directions

The most urgent (from electromagnetic compatibility point of view) characteristics of
antennas are their directional characteristics.
For estimation of directional characteristics of MSA with RR was calculated frequency

dependencies of the directivity and antenna gain in directions: a) 6 =0", ¢=0"; b) 6=40", =90";

c) 0=50°, p=45".

It can be seen, that in some direction the value of antenna gain can be even more that in the
operating frequency band. The appearance of this fact is the result of changing of amplitude-phase
distribution of the fields and currents at the antenna surfaces. For clarity, at the Fig. 5 distributions
of the surface currents and radiation patterns of the antenna at the operating frequency 3 GHz and
frequencies 5, 6 and 8.8 GHz, respectively, are shown.

Figure 5 — Distribution of the surface currents and radiation patterns

From Fig. 5 it can be concluded:
— at the operating frequency £, the radiation is formed by in-phase slots 1 and 2 and

maximum radiation is observed in the direction of the normal to the MSA screen;
— at the frequencies f, and f| 5 radiation is formed by slots 3 and 4 and by all slots. In

this case maximum field intensity take place in directions 6=40°, =490 and
0=50°, p=45", respectively;
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— due to the change of electromagnetic field in all slots at the frequency 8.8 GHz

maximum radiation is observed in the direction of the normal.

As can be seen from these dependencies, the directional characteristics are changed
significantly outside operating frequency range. The excitation of the higher modes leads to the
change of the directional pattern and appearance of side lobes. Due to the matching of antenna input
impedance and wave impedance of the line, the radiation at the higher modes frequencies can lead
to significant decrease of the electromagnetic environment and, respectively, to the decreased
efficiency of wireless communication systems.

From the obtained results, it follows that the characteristics of the direction of the MSA
outside the operating frequency band are subject to significant changes. Due to the excitation of
higher types of waves and alignment of the antenna with the line of power at these frequencies, it is
possible to receive unwanted signals. Because of this, it should be noted that in the analysis of
electromagnetic compatibility of radio-electronic means it is necessary to take into account the
conditions of excitation of higher types of waves and the peculiarities of radiation at given
frequencies.
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