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ABSTRACT

Context. The problem of achieving multi band functionality and two or more reconfiguration capabilities by using a single an-
tenna for diversified Wireless communication applications. The objective of the work is to model a prototype that combines the
above functionalities.

Objective. The major goal of the work is to produce a very efficient and compact antenna satisfying all the requirements for
wireless applications combining semi compound reconfigurability and multi-band functionality for Wireless communication applica-
tions.

Method. This paper reports design and investigations on a planar multi-band frequency— and pattern-circular shaped reconfigur-
able antenna by the use of PIN diodes. It consists of symmetrically placed, seven PIN diodes on each half of the circle cutting the
longitudinal axis. By changing the controlled activation of the slots placed on a circular disk which is fed by Coplanar Waveguide
feed, the required reconfiguration mechanism is achieved. The antenna can be operated in 8 different modes by the use of 15 PIN
diodes. A beam shape pattern reconfigurability is achieved by operating the antenna in all the modes. The basic antenna is a circular
disk without slots and is designed to operate at 2.4GHz. Frequency reconfigurability is achieved by changing the overall electrical
length of the slot by activating the switches in appropriate positions in different operating modes. Pattern reconfigurability is
achieved by maintaining the same overall electrical length in each operating mode but changing the switch positions orient in a par-
ticular direction in each half of the circle.

Results. The model has been developed and investigative simulations were carried out using Ansys HFSS.

Conclusions. The proposed antenna resonates at three frequencies 2.2GHz, 4.98GHz and 5.72GHz when operated in pattern re-
configurability mode. A simultaneous frequency reconfigurability along with pattern is achieved with more (at 6.2GHz, 8.2GHz and
9GHz) or less number of new frequency bands (at 7.1GHz) than pattern reconfiguration mode. The area of the antenna occupied is 40
X 60 mm®. An acceptable gain is obtained in all of the operating modes. The prototype of the designed antenna has been developed
and the simulation results have been verified experimentally.

KEYWORDS: Frequency diversity, Pattern diversity, Reconfigurable antennas, PIN diodes, Circular patch, RF switch, Gain.

ABBREVIATIONS

CPW is a Coplanar Waveguide;

MIMO is a Multi-Input-Multi-Output;

EM is an Electromagnetic;

PIN is a p-type-Intrinsic-n-type;

HFSS is a High Frequency Structure Simulator;

FEM is a Finite Element Method,;

Wi-Fi is a Wireless Fidelity;

Wi-MAX is a Worldwide Interoperability for Micro-
wave Access;

WLAN is a Wireless Local Area Network;

IEEE is an Institute of Electrical and Electronics En-
gineers.

NOMENCLATURE
0 is an Elevation angle;
¢ is an Azimuth angle;
f. is a Resonant frequency;
€ 1s a Relative Permittivity;
1, is a Relative Permeability;

a. is an effective radius.

INTRODUCTION
Today’s modern wireless and electronic communica-
tion systems require multifunctional, compact, smart an-
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tennas that can adapt to varying system requirements.
These requirements are not met by fixed performance
antennas whose fundamental properties like frequency,
polarization and pattern characteristics are fixed. In this
context there are two types of antennas.

1) Reconfigurable antennas which have the ability to dy-
namically meet such adaptable service requirements [1].
Several antennas have been reported which have single re-
configuration capability i.e., either in frequency [2], polariza-
tion [3] or pattern [4] accordingly the antennas are fre-
quency, polarization and pattern reconfigurable antennas.

2) Multiband antennas that can meet the challenges
like miniaturize circuit dimension while maintaining
transmission performance, including multiple operation
bands, low cost, high efficiency, wide bandwidth and ac-
ceptable gain, are proved to be common solutions. Re-
cently there are many developments made in the design-
ing the antennas with two or more reconfiguration capa-
bilities; combining frequency — polarization, polariza-
tion — pattern, frequency — pattern reconfigurations called
as compound reconfigurable antennas.

The reconfigurable antennas and multi band antennas
offer a good solution to meet the fixed performance an-
tennas problem.
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The major object of study to design an antenna
combining multi-band functionality and two function re-
configurability in order to produce a very efficient and
compact antenna satisfying all the requirements.

The subject of study is reconfiguration method de-
ploying slots and PIN diodes for changing the electrical
length and the surface current distributions that in turn
produce the change in frequency, polarization or pattern.

The purpose of the work is to make use of a single
antenna which is compact in size serving multiple re-
quirements for major wireless service applications.

1 PROBLEM STATEMENT

An antenna with slotted aperture has to be used for ob-
taining multi-band characteristics. Also, by adding or re-
moving part of the antenna length through means of PIN
diodes, the effective length of the antenna can be changed
and hence it’s operating frequency. By changing the
course of direction of flow of current using PIN switches
there by intentionally modifying the spherical distribution
of radiation, pattern reconfiguration is achieved.

2 REVIEW OF THE LITERATURE

A folded slot monopole antenna with quad band [5], a
meandered folded monopole antenna with extended stair-
case and F-shaped arms [6] that operates at five frequency
bands have been reported. Antennas combining two or
more diversity features support individual selection of
frequency and radiation characteristics at varying degrees
[7-8]. Moreover, pattern reconfiguration has received
much attention because of their diversity functions in ra-
diation patterns that enhances the performance of wireless
communication systems. One of the techniques to achieve
diversity in pattern is to reconfigure the beam shape
which can be used to improve the system capacity and
quality of the link [9-11].

Very less work is done in the area of multi-band recon-
figurable antennas [12—14]. In [12], the authors developed
a wideband and multi band frequency reconfigurable an-
tenna using PIN and varactor diodes which are regulated by
integrated microcontroller controlled embedded biasing
network. In [13], the authors demonstrated by placing four
identical slots on the radiating patch and two slots on the
ground structure, the antenna can radiate at 10 narrow fre-
quency bands. In [14], a reconfigurable multiband CPW
fed planar patch MIMO array antenna operating in three
operating modes is proposed. In [15], an extended U-slot
patch antenna with shutter shaped slots on the ground plane
is designed for multiband polarization reconfigurability.
The authors in [16], presented a single feed annular ring
slot reconfigurable antenna using five PIN diodes to pro-
duce frequency and polarization diversities.

3 MATERIALS AND METHODS
The geometrical configuration of the proposed multi-
band frequency and pattern reconfigurable antenna is
shown in Fig. 1. The antenna is designed on low cost
FR4-Epoxy material with dielectric constant & =4.4, loss
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tangent tan & = 0.02 and thickness t=1.6mm. The area
occupied by the antenna is 40 X 60 mm?.

The main structure of the antenna consists of a circular
disk which is designed to operate at 2.4GHz following the
design guidelines given by (1), (2) [17]:

f o 1.84118c .
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Where wr=1 in this case, ‘c’ is the velocity of the

light, “a’ is the actual radius of the circular patch and‘t’ is
the thickness of the substrate. The actual radius ‘a’ calcu-
lated from the above formula of the circular patch which
resonates at 2.4GHz is 24mm but due to introduction of
rectangular slots at the edges, the radius is reduced by 1.7
times (=~ 14mm). The other dimensions of the antenna are
listed in Table 1. A coplanar waveguide feeding is used to
excite the antenna because of it’s many advantages over
the conventional microstrip line, such as simple fabrica-
tion, wide impedance bandwidth, easy surface mounting
for series and shunt devices, and low radiation [18].

& »
< v

H x

Figure 1 — Geometrical layout of the proposed multi-band
Frequency and Pattern Reconfigurable Antenna

A strip of length W, and width Ly is used as imped-
ance matching stub between the feed and the circular
patch to improve the radiation characteristics of the an-
tenna. In order to have multi band operation, slotting
technique is employed in the design. Rectangular slots of
equal length 7mm and width 1mm are placed at every
22.5° angle position starting from feed point on the circu-
lar disk as shown in Fig. 1. In order to achieve recon-
figurability, 15 switches (S;—S,s) as shown in Fig. 1 were
placed at center position on each slot connecting them.
The various operating modes are shown in Table 2. PIN
diodes are employed to have switching mechanism.
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At RF frequencies, PIN diodes behave as a variable
resistor, with equivalent circuit model for ON/OFF states,
as shown in Fig. 2. Both the ON and OFF states have a
package inductance Ls. The equivalent circuit for the ON
state (forward biased) as shown in Fig. 2a has a low resis-
tance Rg which contributes to insertion loss. The equiva-
lent circuit for the OFF state (reverse biased) as shown in
Fig. 2b has parallel combination of reverse bias resistance
Rp and total capacitance Cr, which contributes to the iso-
lation. The biasing circuit to make the switches active and
inactive is shown in Fig. 2c.

Table 1 — Optimized Geometrical Parameters of the proposed
Reconfigurable Antenna

Dimension Dimension
Parameter Parameter
(mm) (mm)

L 40 L 3.0589
W 60 L, 0.5345

t 1.6 Ls 1.0

R 14 W, 15.8071

g 2.0 W, 8.3554
L 16.4706 W 7.0
L, 2.0 & 4.4

Table 2 — Different Switch configurations of the proposed
Reconfigurable Antenna

Configuration Switch Switch Type of Recon-
& Position status figurability

Frequency and

Cl S[*S]s OFF Pattern
Frequency and

Ca Si-Sis ON Pattern

G Sy, Ss, Sia, Sis ON Pattern

Cy S5, S5, So, So ON Pattern
Frequency and

CS Sl, S5, Slz OFF Pattern
Frequency and

Cs S35, 87, Si0, Sia OFF Patter
515, OFF Frequency and

G 85,87 OFF ‘%,attegl

S10,812,314 OFF

Ie S2,84,56,5s ON Frequency and

’ S9,511,813,815 ON Pattern

In this design, the PIN diode is modelled in HFSS us-
ing two series lumped RLC boundary conditions, as
shown in Fig. 3, where the first part of RLC boundary is
L and second is either Rg for the ON state or a parallel
combination of Rp and Cr for the OFF state. This way of
modelling is used to achieve robustness in terms of recon-
figuration between different frequency bands.

In this diode model, the ON state lumped parameter
values are chosen to be Rg = 1Q, Lg = 0.7nH and OFF
state values are chosen as Rp= 2kQ, Ct = 0.3pF. These
values are chosen according to the datasheet of the PIN
diode SMP1340-079LF from Skyworks Solutions.

When all the switches are OFF, the antenna is set to
operate in C;, the antenna resonates at four fundamental
frequencies namely 2.3GHz, 4.9GHz, 5.28GHz and
5.55GHz and when all the switches were made ON in
configuration C,, the antenna resonates at 2.4GHz,
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Figure 2 — PIN diode equivalent circuit (a) ON state (b) OFF
state. (¢) Bias Circuit

Equivalent PIN diode model in
HFSS

A

J Metal Strip

Metal Strip

Lumped RLC Boundary
Figure 3 — Modelling of PIN diode in HFSS

4.6GHz, 6.2GHz, 8.2GHz and 9.0GHz. It is observed that
there is change in the radiation pattern in elevation plane
by 30° at first fundamental frequency. Hence the antenna
is said to have simultaneous frequency and pattern recon-
figuration when operated in C; and C,. In C;, when the
switches at 22.5° and 45° position of the bottom right half
of circular disk (S;, Sg) and top left half of circular disk
(S14, Sy5) are activated as shown in Fig. 4 a, the antenna
exhibits triple band resonating at 2.3GHz, 4.29GHz and
5.5GHz. In C4, when the switches in opposite direction to
that of Cs i.e., (S,, S3) and (S, Sp) are activated as shown
in Fig. 4b, the antenna resonates at the similar frequencies
but there is a change in radiation pattern direction in ele-
vation plane. Hence the antenna is said to exhibit multi-
band pattern reconfigurability when it is reconfigured
from C; to Cy. Likewise, in Cs, when the switches at 22.5°
and 45° positions are turned to ON state as shown in Fig.
4c, it operates at 5 bands and in Cg, the switches at 22.5°
and 90° positions are activated to make the antenna
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change its radiation pattern when operated from Cs to Cq.
This is shown in Fig. 4d. In this configuration, the an-
tenna operates at only two bands centred at 2.34GHz and
7.11GHz. Hence the antenna can able to switch between
frequency and pattern when it is reconfigured from Cs to
Cs. When it is reconfigured to C; i.e., when switches at
45° and 90° positions were made ON as shown in Fig. 4e,
it is observed that there is a change in number of bands
and the frequencies with change in radiation pattern. It
operates at 2.3GHz, 4.2GHz and 5.05GHz with good re-
turn loss at 2.3GHz compared to other frequencies. Hence
it shows simultaneous frequency and pattern reconfigura-
tion when it is reconfigured from any of the above con-
figurations. Alternatively, when switches at all 22.5° posi-
tions were made ON as in Fig. 4f, there is a shift in the
second and third frequency bands when compared with C,
to SGHz and 7.1GHz respectively having first resonant
mode unchanged. The pattern shape changes from direc-
tional to dipole like pattern when antenna is reconfigured
from C; to Cs.

Figure 4 — Antenna operating in Cs, Cy4, Cs, Cq, C7 and Cg
configurations

4 EXPERIMENTS

The numerical optimizations have been performed to
achieve the desired resonant frequencies using commer-
cial EM simulator HFSS Version 17.0 which is based on
Finite Element Method (FEM) numerical technique.

It has been observed that frequency and pattern
switching of the proposed multi band reconfigurable an-
tenna is obtained by positioning PIN diodes as switch on
the slot. The proposed antenna is reconfiguring simulta-
neously in frequency and pattern when operated in (Cy,
Cy), (Cs, Cg) and (C, Cyg) configurations. The frequency is
reconfigured in S, C and X frequency bands with resonant
frequencies from 2.3 to 9.6 GHz respectively. Fig. Sa,
Fig. 5c and Fig. 5d show the return loss graphs for switch-
ing configurations C,, C,, Cs, Cq, C; and Cg. The pattern
reconfiguration is observed when the proposed antenna is
reconfigured in C;, C4 configuration modes which is
shown in Fig. 5b.
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5 EXPERIMENTS AND RESULTS

The prototype of the proposed reconfigurable antenna
is fabricated on a low cost FR4 substrate with dielectric
constant 4.4 and thickness 1.6mm and tested in order to
validate the above simulated results. The photograph of
the prototype antenna used for the measurement is shown
in Fig. 6. The proposed antenna is configured in all oper-
ating modes using PIN diodes as mentioned in Section 3.
All the return loss measurements were taken using R&S
ZVA24 Vector Network Analyzer which operates in the
range 10MHz-24GHz. The simulated and measured re-
flection coefficients S;; of the proposed reconfigurable
antenna for all the operating modes are shown in Fig. 7.
The quantitative values of the measured results are tabu-
lated in Table 4. The measured results agree with simu-
lated results with small variations in the resonant frequen-
cies. These minimum variations of about 0.02% is ob-
served at 4.3GHz in case 3 and maximum deviation of
about 5.1% is obtained in case 4 at 2.3GHz frequency.
i

Figure 6 — Developed prototype of the proposed multi-band
reconfigurable antenna

The radiation pattern measurements have been carried
out in the anechoic chamber. The model of the measure-
ment facility is given in Fig. 8. The measured radiation
patterns in azimuth (xy-plane 6=0°; 8 =90°) and elevation
(xz- plane ¢=07; yz- plane ¢ =90°) cuts for different oper-
ating modes are shown in Table 3.

Table 4 summarize the corresponding measured fre-
quency band of resonant frequency at all switching con-
figurations. The simulated returns loss for all the switch-
ing configurations are below —10dB. The obtained maxi-
mum gain at these resonant frequencies is also tabulated
for each antenna configuration.

A highest bandwidth of 660MHz is obtained with res-
onant frequency of 7.1GHz when the antenna is operated
with PIN diode configuration Cs. The narrowband func-
tionality of the proposed antenna offers virtual antenna
size reduction. Further it is observed that the proposed
frequency reconfigurable antenna can be used for S- & C-
band based Wi-Fi and WiMAX applications.

Each band of the proposed antenna when operated in dif-
ferent configurations with acceptable gain (gain>2dB) can
be used in several wireless applications like IEEE 802.16
WiMAX 2.3GHz (2.3-2.4GHz), IEEE 802.11b/g Wi-Fi
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24GHz (2.4-2.485GHz) in S-band, WLAN (5.1-
5.8GHz), IEEE 802.11a Wi-Fi (5.72-5.87GHz) in C-
band. Such applications for each configuration are listed
in Table 3. The measured peak gain graph when operated
in C,, Cs and Cg configurations is shown in Fig. 9. The
gains are measured across the tuning range. The gain for
the configuration C; at 2.4GHz is higher than other oper-
ating modes is observed which is around 12dB due to
directional radiation pattern compared to other operating
states which have almost dipole like omnidirectional pat-
tern.

Table 3 — Elevation and Azimuth radiation patterns in two prin-
ciple cuts operating in all modes

Elevation cut Azimuth cut
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Table 4 — Operating frequencies and bands of the proposed
Reconfigurable Antenna in each configuration

Operating Return Operat- Gain
Fre- Loss | ..P (dB) | Applica-
Case ing band -
quency (dB) (MHz) (xz- tion
(GHz) plane)

S-band
2.3 33.27 340 2.2 WiMAX

C, 4.9 14.17 70 1.1 -
5.3 16.75 70 —6.1 WLAN
5.6 24.59 160 -7.0 WLAN
S-band

2.4 31.93 420 6.3 Wi-Fi

c 4.7 20.67 200 3.8 C-band
? 6.2 17.63 170 32 C-band
8.2 15.04 320 5.8 X-band
9.0 20.35 330 1.4 X-band
2.3 26.41 350 4.2 WIiMAX

C; 4.3 12.52 120 2.2 -
5.4 17.56 140 32 WLAN
2.2 20.13 310 2.3 S-band
Cy C-band

5.7 20.07 180 2.3 Wi-Fi

S-band
2.3 28.21 350 5.6 WiMAX
c 4.6 26.93 180 3.3 C-band

: 5.5 23.17 140 1.8 -
7.4 20.41 500 4.9 C-band
8.4 1431 490 5.4 X-band
S-band
Ce 2.3 33.71 380 53 WiMAX
7.1 21.41 660 3.4 C-band
S-band
C; 2.36 28.34 390 12.9 WiMAX
S-band
225 18.61 310 5.46 WiMAX
Cs 494 25.86 150 239 | C-band
7.15 18.79 450 3.99 C-band

CONCLUSIONS

This paper presents a multi-band frequency- and pat-
tern-reconfigurable circular patch antenna using coplanar
waveguide feeding. The multi-band operation is achieved
by using rectangular slots at edges of the circular patch at
an interval of 22.5° each. The reconfigurability in fre-
quency can be obtained by suitably changing the electrical
lengths of the patch using 15 RF PIN diode switches that
are placed between the slots and operate in various con-
figuration modes. The direction of the pattern is changed
by changing the current distribution of the patch which is
achieved by carefully selecting the appropriate switches.
The antenna operates at different resonant modes in dif-
ferent configurations. Mostly it is operated at 2.3GHz,
49GHz, 5.3GHz, 5.55GHz, 6.2GHz, 7.2GHz, 8.2GHz
frequencies in various operating modes. The practical
significance of measured results demonstrate that the an-
tenna can be operated for suitable applications in S-band
WiMAX, Wi-Fi and C- band Wi-Fi, WLAN with accept-
able gain and good radiation performance.

Prospects for further research is to obtain fully com-
pound reconfigurability that includes polarization diver-
sity.
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YIK 621.3

MHOTOJJMAITIABOHHASI AHTEHHA KPYT'JIOM ®OPMBI, IOJYKOMIIOHEHTHO PEKOHOUT'YPUPYEMASI C
HOMOIIBIO PIN IUOAO0B, C YACTOTHBIM U IPOCTPAHCTBEHHBIM MHOI'OOBPA3UEM JIJIS1
BECIHPOBOJHBIX IPUMEHEHU I

Manaypanraiis M. — npodeccop, 3aBeayromuii kageapoii ANeKTPOHHKH U CPEJCTB CBA3M, HEKEHEPHBIH KoJuTemx Bapnamas,
Xaitnapaban, Tenanrana, Mumus.

CarpsHapasina P.B.C. — nokrop, npodeccop kadeapsl 31eKTPOHUKH U CpeAcTB cBsi3u, YHuBepcutet [lpu Benkarenisapa, Tu-
pynaru, Muaus.

AHHOTAIUA

AKTyanbHOCTb. Pemaercs nmpo6iemMa JOCTIKEHUST MHOTOTIOJIOCHOCTH € ABYMs MM OOJIbIIEe BO3MOXKHOCTSIMU PEeKOH(PUTypanum
C HCTIOTB30BAHMEM OJHOW aHTEHHBI U Pa3sHOOOPA3HOTO HCHONB30BAHMS B OECIIPOBOTHON CBA3M. 3aaHHeM pabOTHI SBISETCS MO-
JETTMPOBAHHE NIPOTOTHUIIA OOBEIUHSIONIETO BhIMICYKAa3aHHYI0 (DyHKIIHOHAILHOCTb.

eab. OcHOBHAS 1ENb pabOTHI — CO3AaTh 0YEHb AP (HEKTUBHYIO M KOMIIAKTHYIO aHTEHHY, YAOBIECTBOPSIONLYIO BCEM TPEOOBaHUIM
npy O6ecrpoBOIHOM IPHUMEHEHHH, COYETAIOLIYI0 BO3MOXKHOCTB MOJYKOMIIOHEHTHOH pPEeKOH(UTypalui 1 MHOTOIIOJIOCHOCTb JUISL HC-
TH0JIB30BaHMUS B OECIIPOBO/IHOI CBSI3H.

Metoa. B cratbe coolmaercs o pa3paboTKe U MCCIEJOBAaHMM YaCTOTHBIX CBOMCTB M KPYrOBOW IJHarpamMMbl HaIllpaBIEHHOCTH
IUIOCKOII MHOTOKaHaJIbHOM PEKOH(PUIYpHpYEeMOil aHTeHHBI ¢ ucnonb3oBaHueM PIN-mmomoB. OHa coctout u3 cemu PIN-anonos,
CHMMETPUYHO PACHOJIOKEHHBIX Ha KaXJOH MOJOBHHE KpyTa, Pa3AeleHHOr0 NMPOAOIBbHOIM ockio. [IyTeM m3MeHeHHs ynpaBisieMoro
TIEPEKITIOUCHUS CIIOTOB, Pa3MEIICHHBIX Ha KPYTJIOM JUCKE, KOTOPOE OCYIIECTBISIETCS C TOMOIIBIO KOIIIAHAPHOTO BOJTHOBOJA, TOCTH-
raercss HeoOXOJWMBI MEeXaHU3M PEKOH(QUTyparuu. AHTEHHa MOXeT paboTaTh B 8 pasiMUHBIX peKMMax c momormeio 15 PIN-
nuonoB. Tpancdopmanmst GOpMBI Tyda JOCTHTAeTCs 3a CUET pabOTHI aHTEHHBI BO BeeX pexknMax. OCHOBHAs aHTEHHA IIPEJICTaBILIET
co00i KpyIJblid AUCK Oe3 CIOTOB M MpeaHasHaveHa i pabotsl Ha yactore 2,4 I'T. TpaHchopManus 4acTOThl JOCTUIASTCs ITyTeM
M3MEHEHUsI O0LIeH AIIEKTPUYECKOH JIMHBI CII0Ta MyTeM aKTHBAIMU NepeKirovyaresieldl B COOTBETCTBYIOIMIUX MOJOKEHUSIX B pa3iny-
HBIX pexuMax pabotsl. TpaHchopManus cXeMbl JOCTUTAETCSI TyTEM COXPaHEHHs OJJMHAKOBO OOILEH NEKTPUIECcKOi JUTHHBI B KakK-
JIOM paboueM peKHMe IMyTeM W3MEHEHUs MONOXKEHUs MepeKIodaTenell, OpUEHTHPOBAHHBIX B OMNPEAEICHHOM HAMpaBICHUH B Kax-
JIOM TTOJIOBUHE KpYyTa.

Pe3yabTaTtsl. brula pazpaboTana MoeNb M IPOBEACHO SKCIIEPIMEHTAIBHOE MOACTHPOBAaHHE C UcTonk30oBanueM Ansys HFSS.

BriBoasl. [Ipemnaraemast anteHHa HacTpoeHa Ha Tpu dacTotsl: 2,2 I'T, 4,98 I'Ty u 5,72 I'Ty mpu pabote B pexxuMe N3MEHEHUS
(dopMBI IUarpaMMbl HanpasieHHOCTH. OJXHOBpEMEHHOE M3MCHEHHME YacTOTHI BMecTe ¢ (OpMOH nocTturaercst ¢ Gompmmm (Ha 6,2
I'Tu, 8,2 I'Tu 1 9 I'T) uax MEHBIIMM KOJIMYECTBOM HOBBIX MMoJioc yactot (Ha 7,1 T'TI), uem B pexume npeoOpa3oBaHus (HOPMBI.
Inomap, 3aHMMaeMasi AHTEHHOH, cocTapiseT 40 x 60 My, IIpueMIeMoe YCHUIeHHe JOCTHTAETCS BO BCEX PEXHMAX paboTsl. Msro-
TOBJICH IIPOTOTHII pa3pabOTaHHOH aHTEHHBI, PE3yJIbTaThl MOJICITUPOBAHYS OATBEPIKICHBI IKCIIEPUMEHTAIIBHO.

KJ/IFOYEBBIE CJIOBA: yacToTHOE pa3HeceHHe, pa3HeCeHHe 10 1a0IoHaM, peKoHUrypupyemble anTeHHbl, PIN-nuozpl, kpy-
roBas AuarpamMma, paJruo4acTOTHBIN MePeKII0UaTeNb, yCUICHHUE.

VK 621.3
BATATOJIIATIA3OHHA AHTEHA KPYIJIOi ®OPMH, HAIIBKOMIIOHEHTHO PEKOH®IT'YPOBAHA 3A
JIOTMIOMOT OIO PIN JAIO/IB, 3 YACTOTHHUM I IPOCTOPOBUM PISHOMAHITTSIM JIJISl BE3JJPOTOBHX
3ACTOCYBAHb

Maunypanraiis Y. — npodecop, 3asinysau kadeapu enekTpoHikH i 3aco6is 38’13y, [mxenepHuit konemx Bapraman, Xaiinapa-
6an, Tenanrana, [umis.

Carsaunapasna P. B. C. — nokrop, mpodecop xadenpu eneKTpoHiku i 3acodiB 3B 53Ky, YHiBepcureT LLpi BenkaremBapa, Tipy-
mari, [amis.

AHOTAIIA

AxTyanbHicTs. [Ipobiema mocsraeHHs OaraTocMy»kHOI (DYHKIIIOHAIFHOCTI 1 1BOX ab0 OinbIne MOXIUBOCTEl pexoHpirypamii 3
BHUKOPHCTAHHSIM €MHOI aHTCHHU TSl PI3HOMaHITHUX 3aCTOCYBaHb 0€3[pOTOBOrO 3B 513Ky. 3aBIaHHAM POOOTH € MOJIEIFOBAHHSI IPOTO-
THUITY, SIKU{ TTO€IHY€E B co01 BHIIEBKa3aHi QyHKIIT.

Meta. OcHOBHA MeTa POOOTH — CTBOPHUTH JyKe e(EKTHBHY i KOMIIAKTHY aHTEHY, 1110 3aJI0BOJIbHSE BCIM BUMOraM Juisi 6e31poTo-
BHX 3aCTOCYBaHb, 1[0 MOEIHYE HAMIBKOMIIOHEHTHY PEKOH(IrypoBaHicTh i GaraTocMyskHy (QYHKIIOHAIBHICTD /IS 3aCTOCYBaHb 0€3-
JIPOTOBOTO 3B’SA3KY.
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MeTtoa. AHTeHa MOXKe TIPALIOBATH B 8 pi3HUX pexxumax 3a goromoroto 15 PIN-mioxis. Tpancdopmariist popMu mpomeHs gocsira-
€TBCSI 32 PaXyHOK POOOTH aHTEHH y BCiX pexumax. OCHOBHA aHTEHa SIBIISIE COOO0 KPyInii AucK Ge3 CIIOTIB 1 mpu3HavyeHa st pobo-
TH Ha yactoTi 2,4 I'Tu. Tpancdopmartist 4acTOTH 1OCATaeThes UIIXOM 3MiHH 3arajbHOT eIeKTPHYHOT JOBKUHH CJI0Ta IIUITXOM aKTH-
Ballii IepeMHKayiB y BiAMNOBIIHHUX MOJOKEHHSX B Pi3HUX pekumax pobotu. TpaHchopmarlis cXeMH JOCITaeThCsl LULIXOM 30epeKeH-
HSl OJJHAKOBOI 3arajibHOT €JIeKTPUYHOI JOBXKHUHHU B KO)KHOMY POOOUYOMY PEXHMI LIIAXOM 3MiHH IOJIOKEHHS IePEMHKayiB, OpiEHTOBA-
HUX B IIEBHOMY HalpPsIMKY B KOXKHiH ITOJIOBHHI Kojla. AHTEHA MOXeE TPALOBATH B 8 Pi3HUX pexknMax 3a gornomororo 15 PIN-mioxis.
Tpancdopmarist GopmMu IPOMEHsT JOCATAETHCS 32 paXyHOK poOOTH aHTEHH y BCiX pexkuMax. OCHOBHA aHTEHa SIBIISE COO0I0 KpyTiauid
JIucK 6e3 cioTiB i mpu3HaueHa as pobotu Ha wactoti 2,4 I'Tn. Tpanchopmamis 9acTOTH JOCSATA€ThCS IUIIXOM 3MIHM 3arajbHOI
SJICKTPUYHOI JOBXKUHH CJI0Ta HUISXOM aKTHBALl NepeMHUKadiB y BIATIOBITHUX MOJOXKEHHAX B PI3HUX pexumax podotu. Tpancdop-
Mallisi CXeMH JOCATAETHCS IUIIXOM 30epeKeHHS 0JTHAKOBOT 3araJIbHOT €JISKTPUYHOT JTOBXXHHH B KOXKHOMY pOOOUOMY PEIKHMI IUISIXOM
3MIiHH TI0JIO)KEHHSI IePeMUKaYiB, OPi€HTOBAHHUX B IEBHOMY HAIPSMKY B KOXHII MOJIOBHHI KOJIa.

Pe3yabTaTn. Byno po3po6ieHo Mosielb i IPOBEICHO eKCIIepHMEHTaIbHE MO/ICTIOBaHHs 3 Bukopuctanusam Ansys HFSS.

BucHoBku. [IponoHoBaHa anTeHa HajamroBana Ha Tpu 4actotu: 2,2 [T, 4,98 TTu i 5,72 I'T'1 mpu po6oTi B peskuMi 3MiHHU (o-
pMHE giarpaMu copsMoBaHOCTi. OHOYACHA 3MiHA YaCTOTH pa3oM 3 (OPMOIO JocsraeThes 3 Benukoro (Ha 6,2 I'Th, 8,2 T i 9 I'T'm)
a00 MEHIIOO KITBKICTIO HOBHX cMYT 9acToT (Ha 7,1 I'T'm), Hixk B pexxumi nepetBopenHs Gopmu. [lnoma, sky 3aiimae aHTeHa, CTaHO-
BHUTH 40 X 60 MM, IIpuitHATHE TOCHIIEHHS TOCATAETHCS Y BCIX pekHMax poboT. Buroroneno nmporotun po3pobieHol aHTeHH, pe-
3yJIBTaTH MOJICIIIOBAHHS I ITBEPIKYIOTHCS €KCIIEPUMEHTAIIBHO.

KJIFOYOBI CJOBA: yacToTHEe pO3HECEHHS, qiarpama CpsIMOBaHOCTI, pekoH(DirypoBani anTenu, PIN-mionu, kpyrosa miarpa-
Ma, palio4acTOTHHUI NepeMuKay, HOCHICHHSI.
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