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MINIATURIZED ANTIPODAL VIVALDI ANTENNA BASED
ON MAGNETODIELECTRIC MATERIALS
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Miniaturization of antipodal Vivaldi antenna (AVA) based on high dielectric
constant and magnetodielectric ferrite materials is studied. The basic parameters
of antipodal Vivaldi antenna based on high dielectric and magnetodielectric
materials (MDM) are compared. To miniaturize the size of the antenna by a
higher factor, MDM ferrite with paremeters & = p, = 8 is used. The analysis
shows that MDM based Vivaldi antenna surface is minimized by a factor of
4 compared to that of air-based Vivaldi antenna. The sizes of AVA are 120 x
120 x 1 (mm).
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Introduction. Recent wireless devices demand wide bandwidth, high data rate,
and more capacity. Due to the rapid development of wireless communication, ultra-
wideband (UWB) antennas/systems are becoming highly attractive in many wideband
applications such as broadband wireless communications, UWB interference and
imaging systems [1]. Vivaldi antennas which are also called exponential tapered slot
antennas were introduced as a new class of UWB antenna. It’s linearly polarized
and can operate at wide bandwidth with high and constant gain [2, 3]. The antipodal
Vivaldi antenna (AVA) offers many advantages such as good return loss, minimal
signal distortion, and does not influence the UWB band pulse shape. The basic shape
of Vivaldi antenna consists of a feed line, which is usually microstrip or stripline,
and the radiating structure. Many designs of Vivaldi antenna have been reported
with difference radiating structure. The exponentially tapered curves are the most
solution that can provide broad band [4]. One major requirement is miniaturization
of UWB antenna due to devices are becoming more and more compact and portable
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in many applications. The demand of miniaturized antenna is ever increasing as
the inception of radio-frequency devices [5]. The main point of electrically small
antenna (ESA) is: antenna dimension is much smaller than the operating wavelength.
Currently for fabrication of miniaturized antennas mostly use high dielectric and low
loss materials as substrates. Practically it is possible to realize substrate with approxi-
mately € = 12 dielectric constant. On the over hand, the using of magnetodielectric
materials (MDMs) are also miniaturize antenna size, but by the higher factor than
high permittivity dielectric material, however using moderate values of &, and L.
MDM ferrites possess relatively high permeability and permittivity simultaneously
over a wide frequency range, which are effective in reducing the electromagnetic
wavelength [6—8]:

A= ) . (1)

VIS
Problem Statement. In this paper MDM based AVA is investigated and the
miniaturization in the geometrical surface, about four times in comparison with AVA
without substrate is demonstrated. The structure of antipodal Vivaldi antenna is shown

in Fig. 1. The proposed antenna includes two main parts: feed line and the radiation

Fig. 1. The structure of designed AVA.

flares. The shape of the flares is designed in the form of elliptical curves. The elliptical
configuration presents especially good broadband characteristics due to the smooth
transition between the radiation flares and the feeding line. Equation for tapered slot
is given by [4,9]:

y==%(Cie'+ ), 2

where C; and C, are given by:
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In these equations C; and C, are constants, a is a rate of increase of exponential
curve; x1, y1, x2 and y, accordingly are start and end points of exponential curve [1].
In the design the start and end points of exponential curves are:
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Theoretically, the upper frequency limit of a Vivaldi antenna is infinity. The
lower frequency limit depends mainly on the width of antenna and the effective
dielectric constant. Given the lowest frequency of operation range ( fmin), thickness
of the substrate (%), its dielectric (€,) and magnetic (1,) constant the width (W) and
length (L) of the antenna structure is calculated using the following equation [2]:

WelL—-_ < (6)

2 fmin/FeEery

Research Results. AVA on a free space, high constant dielectric and magnetodi-
electric ferrite substrates at fi,i, = 1 GHz minimum operating frequency is researched
and designed. For comparing with used high dielectric AVA parameters, the charac-
teristics of the MDM material are chosen, thus i, is equal to the permittivity of
the selected high dielectric material: & = 1-¢&,,. For increasing miniaturization
coefficient the Magnetodielectric ferrite material is used with high dielectric and
magnetic constant.

Full-wave numerical analysis based on the FEM/MoM is conducted to investi-
gate AVA based on dielectric and MDM in order to minimize antenna sizes. Antennas
are designed in FEKO environment.

AVA Design Without Substrate. At the first stage the AVA without substrate:
& = U, = 1 is considered, distance between top and bottom layers: # = 1 mm. Based
on Eq. 6, the structural parameters of AVA: W = L = 24 cm, Wy = 8.5 mm, as line
with 50 Q impedance are estimated.

The coefficients of Eq. (2) are obtained during the simulation by optimizing
reflection and radiation characteristics. As a result, the end point of y3(x) and y4(x)
curved is L; = 8 c¢m, the equations for top and bottom tapered slots are:



MINIATURIZED ANTIPODAL VIVALDI ANTENNA BASED ON... 77

yi(x) =62.5-107%4* —62.5-1073,
ya(x) = —(62.5- 1073 —62.5-1079),
y3(x) = 100- 1073 —100- 103,
ya(x) = —(100-1073'%%% — 100 - 1073).

(7

As shown in the Fig. 2, antenna voltage standing wave ratio (VSWR) < 2.5 at
the f =1...23.8 GHz frequency range. At 1...23.8 GHz frequency range antenna
gain in the main radiation direction changes from 4...13.2 dBi (see Fig. 3), beamwidth
in 6 plane is 26y 5 = 24.8°...164.2°, in ¢ plane: 2¢@ys = 40°...76° (see Fig. 4).
Antenna side lobe level (SLL) is: SLL=1.4...10 dB.
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Fig. 2. VSWR vs frequency AVA on a free Fig. 3. Gain variation vs frequency of AVA
space. on a free space.

Frequency = 1 GHz Frequency = 10 GHz Frequency = 20 GHz

Fig. 4. AVA radiation pattern at 1, 10 and 20 GHz frequency in 0 (a) and ¢ (b) plane.

In order to further understand the behavior of the AVA structure, the current
distribution of the free space-based AVA is investigated, which is shown in Fig. 5. As
shown in Figure, at whole working frequency range antenna approximately have the
same current distribution.
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Surface current [Aym]
5.0

Fig. 5. Surface Current Distribution on AVA without substrate
at 1 (a), 10 (b), 20 GHz (c) frequencies.

AVA Characteristics Based on High Dielectric Constant. Farther, AVA based
on with low loss and high dielectric constant substrate (tgd = 0.005,¢, = 11.7) is
studied and designed. The thickness of substrate is chosen as 2z =1 mm. Minimum
operating frequency is fmin = 1 GHz. Using Eq. 5, it’s calculated structural parameters
of AVA: W = L = 155 mm, Wy = 2 mm, as line with 50 Q impedance.

The coefficients of Eq. (2) and end points of y3(x) and y4(x) are obtained during
the simulation optimizing reflection and radiation characteristics. As a result, the end
point of y3(x) and y4(x) curved is L; = 77.6 mm, and obtained equations for top and
bottom tapered slots are:

y1(x) =50-107%¢** - 501077,

y2(x) = —(50-1073e3%* —50-1079), ®
y3(x) =50-107%7% —50- 1073,

ya(x) = —(50-1073"% —50-1079).
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Fig. 6. AVA VSWR (a) and gain (b) vs. frequency.

As shown in the Fig. 6, antenna VSWR < 2.5 at the f > 1 GHz frequency
range. At 1...4.8 GHz frequency range antenna gain in the main radiation direction
is 2...8.5 dBi (see Fig. 6), beamwidth in 0 plane is 26y 5 = 30°...179°, ¢ in plane:
2¢ps5 = 34.5°...194° (see Fig. 7). Antenna side lobe level is: SLL=2.8...11.9 dB.

Fig. 8 shows surface current distribution at 1, 2 and 4 GHz frequencies.
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Frequency = 1 GHz

Frequency = 2 GHz Frequency = 4 GHz

Fig. 7. High dielectric constant material based AVA radiation pattern
in 0 and @ plan at different frequencies.
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Fig. 8. AVA surface current distribution at 1 (a), 2 (b), 4 GHz (c) frequencies.

As shown in Figure, at whole working frequency range antenna approximately have
the same current distribution.

AVA Characteristics Based on MDM. For comparing with used high dielectric
AVA parameters the characteristics of the MDM material are chosen, thus p.&, is
equal to the permittivity of the selected high dielectric material: u,& = 1-¢,1.
Thus, antenna is designed on a magnetodielectric ferrite substrate with dielectric
constant & = W, = 3.42, thickness & = 1 mm, dielectric loss tangent tgd < 0.01 and
magnetic loss tangent tgd = 0.01. Minimum operating frequency is fyin = | GHz.
Using Eq. 5, it’s calculated structural parameters of AVA: W = L = 155 mm;
Wy = 3.5 mm, as line with 50 Q impedance.

The coefficients of these equations are obtained during the simulation
optimizing reflection and radiation characteristics. As a result, the end point of
y3(x) and y4(x) curved is L; = 67 mm, and obtained equations for top and bottom
tapered slots are:
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y1(x) =70-107%e4* —70-1073,

y2(x) = —(70-1073e41* —70-1079), ©
y3(x) =0.5-1073'9% —0.5.1073,

ya(x) = —(0.5-107319% —0.5.1073).

Full-wave numerical analysis based on the FEM/MoM was conducted to inves-
tigate AVA based on magnetodielectric material in order to minimize antenna sizes.
As shown in the Fig. 9, antenna VSWR< 2.5 at the f > 1 GHz frequency range.
At 1...5.25 GHz frequency range antenna gain in the main radiation direction is
2...8.5 dBi (see Fig. 9), beamwidth in 6 plane is 26y 5 = 37°...179°, in @ plane:
2¢ps5 =34.5°...194° (see Fig. 10). Antenna side lobe level is: SLL =2.5...10.5 dB.

Fig. 11 shows surface current distribution at 1, 2.5 and 5 GHz frequencies. As
shown in Figure, at whole working frequency range antenna approximately have the
same current distribution. For comparing with high constant dielectric-based antenna,
in MDM based antennas, strong field confinement reduces, and the medium becomes
far less capacitive.
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Fig. 9. MDM based AVA VSWR and gain.

AVA Miniaturization by High Factor. For increasing miniaturization factor the
magnetodielectric ferrite material is used with high dielectric and magnetic constant:
& = W, = 8, thickness h = 1 mm, dielectric loss tangent tgd < 0.01 and magnetic loss
tangent tgd = 0.01. Minimum operating frequency is fmin = 1 GHz. Using Eq. 5, it’s
calculated structural parameters of AVA: W = L = 12 cm; Wy = 3.5 mm, as line with
50 Q impedance.

As aresult, the end point of y3(x) and y4(x) curved is L; = 40 mm, and obtained
equations for top and bottom tapered slots are:

y1(x) =40- 1075 —40-1073,

ya(x) = —(40-1075e*** —40-1079), (10)
y3(x) =40-1073¢!20x —40.1073,

ya(x) = —(40-107e!20* —40-1077).
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Fig. 10. MDM based antenna radiation pattern in 6 and ¢ plan
at different (1; 2.5 and 5 GH?z) frequencies.
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Fig. 11. MDM based AVA surface current distribution at (a) 1, (b) 2.5, (¢c) 5 GHz frequencies.
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Fig. 12. AVA VSWR and gain.

As shown in the Fig. 12, antenna VSWR< 2.7 at the f > 1 GHz frequency
range. At 1...3.5 GHz frequency range antenna gain in the main radiation direction
is 1.5...5.7 dBi (see Fig. 12), beamwidth in 0 plane at 1...3.5 GHz frequency range
182605 =78.3°...137.9°, in @ plane: 2¢ 5 = 44°...77° (see Fig. 13). Antenna side
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Frequency = 1.5 GHz Frequency = 2 GHz Frequency = 3 GHz

a

Fig. 13. Antenna radiation pattern at 1.5, 2, and 3 GHz frequency in 6 (a) and ¢ (b) plane.

lobe level is: SLL=1.4...10 dB.
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Fig. 14. MDM based AVA surface current distribution at 1.5 (a), 2 (b), 3 GHz (c¢) frequencies.

Fig. 14 shows surface current distribution at 1.5, 2 and 5 GHz frequencies. As
shown in Figure, at whole working frequency range antenna approximately have the
same current distribution.

Conclusion.

1. Based on the numerical calculations we have compared conventional
miniaturization method based on high dielectric permittivity substrate with a new one
based on the use of MDM as a substrate material for AVA. MDM also miniaturizes
antenna size by the same factor as high permittivity dielectric material, however, using
values of &, = 3.2 and y, = 3.2 and comparing with air-based Vivaldi antenna, antenna
surface minimizes 2.4 times. The using of MDM brings to the miniaturization of
antenna, improvement in gain bandwidth and perfect impedance matching between
material and free space over a wide bandwidth.

2. For increasing miniaturization factor the Magnetodielectric ferrite material
is used with high dielectric and magnetic constant. The parameters of MDM are
g = U, = 8, dielectric loss tangent tg § = 0.005 and magnetic loss tangent tgd = 0.01.
At fnin = 1 GHz minimal frequency antenna size is 120 x 120 (mm). To comparing
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with the size of AVA without substrate, antenna surface minimizes 4 times. Designed
antenna bandwidth is 2.5 GHz, where gain range is 1.5...5.7 dBi.
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UUQUhUUNPELEUSPULENP SPUTUL JMU TUShNNAUL JhJULYbh
JULSELUSh UOUPNLNUSNFT

Munwiwuhpy b E pupdnp nhktpppuud puthwogbjhngyudp b dwgbhuw-
nhtitpphjuwlui. ptippypdtph hhdw' pw wiphwynnuwy dhjwinp wiptiiugh
swhwithnppugnuip: Sundbdwnpyby GO pupap puthwbgbjhnpyudp nhijtpypphyh b
twqUhuwnhtitlppphyatiph (UAU) Ypw hhitywd wigphwnnuy dhywnh wigpwgh
hhitwlwb ptmpuwgptippn: Winptbwgh qatht wybith pupap gnpdwligny thnppugitipnt
hunfwip ogypuignpdymud £ UU tiphap, nph pimpwugpbpp’ €, = @, = 8: Jbpnidni-
Rynilip gnyg Ewqpuwihu, np UU-h ypw hhdowd winptibwgh dwjtiptiup tiuqbgynd
L4 whqui huibdwgpud wowig puynhph Yhywynh wigbtwgh htig: Wgphwynnuy
Jhywnh wigbbwgh swihbpb Go 120 x 120 x 1(dd):

A.T. CTEIIAH4H, O. C. APOsIH

MUHUATIOPU3NPOBAHHAYA AHTUIIOAHAA AHTEHHA BUBAJIbIU
HA OCHOBE MATHUTOAUSJJIEKTPUYECKUX MATEPUAJIOB

Uccnenosana MunnaTiopusanus anTuoaHoi anrernbl Buaabin (AAB)
Ha OCHOBE MaTEPUAJIOB C BBICOKON IM3JIEKTPUYECKON MPOHUIAEMOCTHIO M
MATHUTOIMIIEKTpUIecKuX (qepputoB. CpaBHEHBI 0CHOBHBIE TapaMeTpbl AAB
Ha OCHOBE BBICOKOIMIJICKTPUYICCKUX U MalrHUTOAUIJIEKTPUICCKUX MaTEPpHUAJIOB
(MM). dnst erme 60Jtee yMEHBITICHNsT pa3Mepa aHTEHHBI ObLT IPUMeHEeH (heppuT
MM ¢ mapamerpavu & = U, = 8. IlpoBemennbie aHaan3bl MOKA3AIU, ITO
mosepxuocTh AAB ma ocmope MM ymennmmaercs B 4 pasza IO CpaBHEHHIO
¢ anrennoit BuBaibmau Bo3mymaoro OasuwpoBanuda. Paszmepnsl paspaboramHoit

AAB 120 x 120 x 1 ().



