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Abstract. The topology of a planar Archimedes spiral antenna with a small number of turns is
presented. Its main feature is the peripheral feeding of the spiral, which does not violate the planarity of the
structure. On the basis of numerical simulation, the main electrodynamic characteristics for several antenna
designs, differing in the number of turns, including the constant and variable width of the tape of the spiral
element, are obtained, compared and discussed. The results of the numerical analysis showed that the
relative bandwidth defined by the VSWR at the antenna input and by the directivity, reach from 75 to 120
percent.
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AHoTauif. Po3Butok 6e3apoTOBUX TEXHOMONIN NPM3BOAMTL A0 HEOOXiQHOCTI po3pobKM HOBUX TUMIB
aHTeH, SKi MalTb LUMPOKOCMYTOBi XapakKTePUCTUKW, SIK MO BXiAHOMY OMOpY, TakK i MO XapaKTepucTukax
cnpsimoBaHoCTi (koedpiuieHTa cnpsimoBaHoi Aji). OgHMM i3 pO3NOBCIOMKEHUX TUMIB LUMPOKOCMYTOBMX aHTEH €
cnipanbHi aHTeHn. OCHOBHMM HeAONikoM [aHuX aHTeH MOXyTb Oyt meToau peanisauii ix 30ymKxeHHs
(koakcianbHo abo ABONPOBIAHOM IHIEID), 32 AKMX 3MEHLLYIOTBCS LUMPOKOCMYIOBI XapakKTepUCTUKN aHTEHN Ta
BTpaYaETbCA MIaHapHICTb YCIiEl KOHCTPYKUii. TOMy € HeoOXigHICTb y CTBOPEHHI KOHCTPYKLii aHTeH 6e3 AaHux
Heponikis. Y cTaTTi HagaHa Tonomnorid nnaHapHoI cripanbHOI aHTeHU ApxiMeda 3 Marok KinbKiCTIO BUTKIB.
"onoBHoO i OCOOMNMBICTIO € NEPUAIEPIVIHE XXUBIEHHST BUTKIB Criiparni, L0 He NOopyLUye NaHapHICTb KOHCTPYKLT.
Pe3ynbTaTv oTpMMaHi Ha OCHOBI UMCENbHOrO aHanisy, Wo 6a3yeTbca Ha MeTOAI MOMEHTIB, SIKUI peanizoBaHun y
YacToTHi obnacTi. B pe3ynbTtati MogentoBaHHa Oynu oTpumaHi amnniTyaHo-as3oBi po3noginy ryCTHU CTpymy
Ha MOBEPXHi aHTEHHUX eneMEHTIB, L0 A03BONUMM po3paxyBaT YacTOTHI 3aneXHOCTI OCHOBHUX eNneKTpoauHa-
MIYHUX XapaKTEPUCTUK, TakUX K BXIOHWIA iMnegaHc, KoedilieHT BioOWTTA Ha BXOAi aHTEHM, a TaKOX KyTOBi
3aneXHOCTi BCIX KOMMOHEHTIB BUMPOMIHIOBAHOrO Mons Ta fAiarpamMu crnpsiMoBaHOCTi. Ha OCHOBi oTpumaHux
pe3yrnbTaTiB MOPIBHIOIOTLCS W OBrOBOPHOOTLCS OCHOBHI  €MNEKTPOAVHAMIYHI  XapaKTepUCTUKA ANS AEKirbKoX
KOHCTPYKTUBHUX BapiaHTiB aHTEHW, YACMOM BUTKIB, LLUO BIiAPI3HAOTLCHA, Y TOMY YUCAi 3 MOCTIMHOK i 3MiHHOHO
LLIMPUHOIO CTPIYKM cnipanbHOro enemeHTa. PesynbTaTv HagaHoro YMcenbLHOro aHarisy nokasanwu, Wwo BigHOCHa
LUMPMHA CMYTU YacToT, BU3HavyBaHa sk 3a KCX Ha Bxogi aHTeHu, Tak i 3a KC[, gocsrae Big 75 oo 120 sigcoTkis.
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3aBOsky NnaHapHin KOHCTPYKLUIi, NepudepiHOMY 30YIPKEHHIO BATKIB Ta BXigHOMY onopi Ha pieHi 200 Om, gaHuin
eneMeHT MoXe OyTW BUKOPUCTAHUI SIK BUMPOMIHIOIOUMIA €NIEMEHT Y LUMPOKOCMYTOBUX aHTEHHUX peLliTkax. Kpim
TOrO, AaHUN efleMEHT MOXEe BUKOPUCTOBYBATUCS SIK ONPOMIHIOBaY A3epKanbHNX aHTEH.

Knto4oBi cnoBa: nnaHapHi aHTeHn, cnipanb ApxiMena, nepudepifiHe XXUBNEHHS, LUIMPOKOCMYTOBICTb,
KOMM'IoTEpPHE MOAENOBaHHS.

AHHOTauua. NpeacraeneHa TOMNOMOMMs NNaHapHON apxXMMeaoBOW CNMparibHOW aHTEHHbl C ManbiM
KONMMYeCcTBOM BWTKOB. [NaBHOW ee OCOBEHHOCTbIO SBMSETCA NepudepUNHOE NUTaHUe cnupanu, He
Hapywawuiee nraHapHOCTb  KOHCTpyKuMn. Ha OCHOBe 4YMCMEHHOro MOoAEnMPOBaHWUS  NOMNy4YeHbI,
CpaBHMBAOTCA W 0OCYXOAlOTCA OCHOBHbIE 3MEKTPOANHAMUYECKME XapPaKTEPUCTUKA ONA  HECKOMbKMX
KOHCTPYKTUBHbLIX BapuMaHTOB aHTEHHbI, OTMMYAOLUXCH YUCIIOM BWUTKOB, B TOM 4UCME C MOCTOSAHHON W
nepeMeHHON LUMPUHOW NEeHTbl CNnpanbHOro anemeHTa. PesynbTaTbl NpUBEOEHHOrO YMCMEHHOro aHanuaa
rnokasanu, YTo OTHOCMTENbHas LUMPMHA MONOCkl YacToT, onpeaensdemas kak no KCB Ha Bxofe aHTeHHbI, Tak 1
no KH, nocturaet ot 75 oo 120 npoLueHTOoB.

KniouyeBble crnoBa: nnaHapHble aHTeHHbl, crnupans Apxumena, nepudepuriHoe nuTaHue,
LLIMPOKOMOMOCHOCTb, KOMNBLIOTEPHOE MOAENNPOBAHNE.

The creation and application on practice of modern wireless technologies in the civil and
military sphere [1] leads to the need for the investigation the antennas of new design with good
wideband properties. Such antennas should satisfy the required characteristics (e.g. input impedance,
radiation pattern) in a wide frequency range. In addition, such antennas should have acceptable
weight and dimensional characteristics.

As is well known [2, 3], spiral antennas, in which the radiation (reception) of the electro-
magnetic field of circular (or elliptical) polarization, are largely satisfied by such requirements.
These include quite simple technology in the manufacture one or two arm spirals and low-profile
planar spiral antennas, such as Archimedes spirals, which occupy comparatively small volume.

The features of the antennas with the planar spiral are they a method of connection with the
feed line. There are few main methods of excitation of planar spiral antennas, features of it are
described in [4].

We note that with similar methods of excitation using symmetrical and matching devices are
needed, which are usually located in orthogonal plane and violates the planarity of the antenna
constructions and increases its occupying volume. Also use of matching and balancing devices
(which are usually narrow-band) lead to the losses of wideband parameters of these antennas.

In this work the main electrodynamic characteristics of planar spiral antenna with a small
number of turns based on computer modelling is presented and discussed. The features of this type of
antenna is that the spiral is located in the circular hole in the flat conductive screen and with
peripheral feeding which does not violate planarity of all construction.

The considered antenna is planar an Archimedes spiral in the form of plane tape, its arm can
‘ be of constant or variable width. The
features of this design are an antenna
element which is placed in a circular hole
of radius (and displaced with respect to its
center) in a flat conducting screen, which
(in this study it has no special significance)
has a square shape (Fig. 1, a).

The antenna is excited in the
peripheral region of the spiral by means of
a coaxial or coplanar line (which is located

a) b) in the plane of the screen). The spiral

Figure 1 — The topology of the model element is displaced so that the distance
between the feeding points (from the edge

of the peripheral turn to the edge of the hole) is approximately equal to the width of the spiral
element. At the same time, the geometry of the antenna is such that all its elements (screen, spiral
element, and feed line) are located in the same plane. This is a characteristic feature of such a design.

feed point screen
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This model differs from the antenna presented in [4] by the presence of the flat conductive
screen what simplifies the creation of planar antenna arrays based on them.

For the electrodynamic analysis of the main characteristics of this spiral antenna, the
calculation of the characteristics was carried out at discrete frequencies in the range 1-6 GHz in 20
MHz steps.

To carry out the research, a computer model of a spiral with small number of turns and
peripheral feeding with such geometric parameters was realized (Fig. 1, b):

— radius of the hole in the screen R, =4,/4;

— maximum radius of the spiral R, (Fig. 2, b) which is related to radius R; with
relation R, =1Ry;

— minimum radius of the spiral R ,, =10 mm;

— scale factor 7 —0,6; 0,7; 0,8;

— number of turns n — 1,25; 1,5; 1,75;

— dimensions of the conductive screen — 2,5R, .

In this case, the basic geometric parameters of the antennas are assigned to the calculated
wave length in free space A, corresponding to the frequency f, = 2,5 GHz.

With the above values of the scale factor and the number of turns, three variants of the design
of the spiral element of the antenna under consideration are considered:

— width of the spiral tape ¢ is constant and equal 1 mm;

— the value of 7 varies smoothly from 1 mm at the feed point and up to 3 mm at the center
of the spiral;
— the value of 7, varies smoothly from 1 mm at the feed point and up to 1 mm at the center

of the spiral;

The numerical solution of the problem is based on the method of moments for the integral
equation with respect to the density of the surface currents on the antenna elements realized in the
frequency domain [5]. As a result of the numerical experiment, the amplitude-phase distribution of
the current density on the surface of the antenna elements was determined. This further allowed the
calculation of the frequency dependences of the main characteristics, such as impedance and
standing wave ratio (SWR) at the antenna input, as well as the angular dependences of all
components of the radiation field, directivity and thus build a radiation pattern.

Results of modeling. Fig. 2 shows frequency dependencies of real ReZ, and imaginary

Im Z,, parts of input impedance for investigated modification of antenna at t = 0,6.
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Figure 2 — Frequency dependencies of impedance at the antenna input
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Analyzing the curves shown in Fig. 2, we can note the following:

— in the region near the calculated frequency, resonant phenomena are observed in which the
real part of the input impedance increases sharply, and its imaginary part vanishes;

— with an increase in the number of turns, that is, with an increase in the total length of the
spiral element, the resonance points are shifted to the low-frequency region.

The noted resonance effects are manifested due to the fact that at low frequencies the
transformation of the energy of surface currents in the spiral element into the energy of the radiation
field is insignificant.

Standing wave ratio. The degree of matching of the antenna with the feeder is usually
evaluated by the voltage standing wave ratio (VSWR) at the antenna input. The wideband properties
of antenna are illustrated on the frequency dependences of the VSWR at the antenna input, shown in
Fig. 3 (at T = 0,6 and the active load resistance R;,).

In most practical cases, the degree of matching of the antenna to the feeder is considered
acceptable if at the antenna input the VSWR< 2
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Figure 3 — Frequency dependencies of VSWR

Based on this criterion, it is possible, for the previously mentioned constructive variants of
the antenna in question, to compare antennas properties, using the data of the relative width of the
operating range Af / f, given in Table 1.

The change (increase) in the scale factor in all the considered design variants of the antenna
leads to a certain increase in the relative width of the working range, measured on the VSWR level =
2. The width of the working range varies from 66 to 100%, which indicates broadband properties of
the antenna as agreed with the load) made according to the topology described above.
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Table 1 — Relative frequency bandwidth by VSWR

Scale factor Number of turns
Width of the spiral tape, n=125 n=15 n =175
mm T
A fo %

0,6 75 72 85

t; =1 0,7 92 82 92
0,8 96 87 100

0,6 79 69.6 82

1<z, <3 0,7 91 82 91
0,8 98 89 98

0,6 77 66.6 79

1<¢t, <5 0,7 91 79 91
0,8 96 87 96

Directional characteristics. For the analysis of the directional properties, radiation patterns
for the left circular polarization of the radiated field are presented (Fig. 4), constructed with a scale
factor. t=0,8.

270

180

270

a) b)

Figure 4 — Radiation pattern at t = 0,8: a) ¢, =1 mm,; b) 1< ¢ <5 mm
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Note that in all considered cases this antenna in the direction of the normal the field radiates
of the left circular polarization (and in the opposite direction — the right one). Considering these
diagrams, it can be noted that as the frequency increases, the main lobe deviates relative to the
normal of the plane of the spiral.

It is with this effect of decreasing the value of the directivity D observed on the right half of
the graphs (Fig. 5) in the direction of the normal to the screen plane, (given for different values of n,
at ¢, =1 mm) is associated with this effect. However, calculations show that the maximum value of

the directivity is not only not decreasing, but even slightly increasing.
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Figure 5 — Dependencies of directivity on frequency

The values of the relative width of the working band, determined from the —3 dB level
relative to the maximum of the directivity at different values of the geometric parameters of the
antenna, calculated on the basis of these and similar dependencies, are given in Table. 2.

Table 2 — Relative frequency bandwidth by directivity

. ];?’g;(l; Number of turns
Width of the
spiral tape, mm ] n=125 n=15 n=175

Juin | S | A% | i | o | A% | foin | S | A%

0,6 1,25 | 512 121,5 2,15 | 5,06 80,7 2,08 | 502 82,8

ty=1 0,7 1,47 | 4,47 101 1,65 | 4,53 93 1,75 | 4,44 80
0,8 1,55 39 86 1,62 | 3,78 80 1,61 | 377 80,3

0,6 1,32 53 120 2,13 | 527 84,8 2,12 | 5,17 83

1<z <3 0,7 1,27 | 4,67 114 1,66 | 4,73 96 1,75 | 462 90

0,8 1,67 | 4,07 83 1,62 | 4,15 87,8 1,62 | 3,88 82

0,6 1,31 | 545 122 2,03 | 545 91,5 2,14 | 531 85

1<, <5 0,7 1,27 | 4,86 117 1,75 | 4,87 94 L75 | 473 92
0,8 1,62 | 422 89 1,62 | 4,2 88,6 1,62 4 84,7

Analyzing the results presented in Table 1 and Table 2, we can draw the following
conclusions:
— the best values of the relative width of the operating frequency band Af/f, take place at a
number of turns n = 1,25, reaching 120% in some cases. With this value of 7, increasing the scale

factor T by more than 0,6 leads to a narrowing of the frequency operating band. In all other cases,
this effect is hardly noticeable;
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— for number of turns n =15 and n =175, the relative width of the operating band is weakly
dependent on the scale factor t. In these cases, the value of Af/f is lies between 80 ... 95%.

Conclusions. The topology of a planar helical antenna with a small number of turns and
peripheral feeding of a spiral element is considered. This topological feature, ensuring the planarity
of the entire structure as a whole, retains a good wide-banding of the antenna, both on load matching
and on the directivity.

The basic electrodynamic characteristics for several constructive variants of antennas
differing in the number of turns are discussed and compared, including with the constant and
variable width of the ribbon of the spiral element. As shown by the results of numerical analysis, the
relative bandwidth of the operating frequencies is in the range of 75 ... 120%.

Therefore, the represented topology for circular polarization antennas allows the creation of
planar (low profile) structures intended for use over a sufficiently wide frequency range. At the same
time, we note that peripheral excitation of the spiral element gives an advantage to such an antenna
for use at higher frequencies, for example, in the frequency bands of advanced radio systems.

The possible further research directions of the described type antennas include the creation
and analysis of the properties of spiral antenna elements in the peripheral feeding by their microstrip
line, and also the study of the characteristics of antenna arrays formed from such elements.
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