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This paper discusses mutual coupling evaluation and calculation of the Coplanar
Vivaldi antenna array. Mutual coupling of the Coplanar Vivaldi is evaluated by
comparing several element widths, structure and size of configuration array in the E
and H-plane. Mutual coupling calculation of two antenna elements in the E-plane is
analyzed by multiplying the radiation pattern of its element and flux pointing.
Mutual coupling in an array can be seen from mutual impedance that consists of
mutual resistance and mutual reactance. The smaller the width of the antenna, the
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Vivaldi Array with Exponential Corrugated Slot (CVA-ECT) shows better
performance of return loss and gain than CVA with No Slot (CVA-NS) in the E-
plane. But otherwise in the H-plane. For the same volume size of an array, the
smaller the width of the element, the better the performance in gain than the wider
ones. It shows that at 7 GHz, 3x2 array reaches a gain up to 13.69 dB. Otherwise,
2x2 CVA-NS grasps the gain 8.9 dB. There was a significant result between
simulation and modeling results of the radiation pattern element and mutual
coupling of the Coplanar Vivaldi antenna.

KEYWORDS:
Antenna array, vivaaldi antenna, mutual coupling, impedance, impedance

1 | INTRODUCTION

Vivaldi antenna is a tapered slot antenna [1] that has wide bandwidth and high gain. The previous study that describes return loss
and radiation pattern performance of the Vivaldi element by changing the shape of the radiator has been discussed in [2][3][4][5],
as well as the effect of the type of substrate on the antenna[6]. However, these explanations are just only for a single element
antenna.

Vivaldi antenna can be arranged in an array to reach higher directivity and smaller beam width than a single element. In an
array, the spacing between elements affects the result of the return loss and the performance of the total array pattern [7]. In wideband
array, the wider element can improve return loss and mutual coupling performance in the low-end frequency, but it yields worse
performance of radiation pattern in high-end frequency due to grating lobe and conversely. Vivaldi antenna as the wideband antenna
has various applications in the array such as astronomy[8] and radar[9]. However, it has a problem in mutual coupling especially if the
width of the antenna is less than one-half the wavelength of its low-end frequency. Furthermore, the existence of a mutual coupling
disrupts phase vector [10]. Mutual coupling analysis was done as a previous study by Exponential Corrugated Truncated (CVA-ECT)
Slot [6]. The discussion is only for two antenna elements in the E-plane. There is no discussion for H-plane and no discussion on some
dimension of the array.
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Mutual coupling reduction has been discussed in microstrip [11], monopole antenna [12], and Vivaldi antenna [7] by
electromagnetic computation result. Mutual coupling in an analytical approach has been carried out in microstrip [13] and dipole
[14] array. In that paper, the mutual coupling of the dipole antenna is shown from the mutual impedance which depends on the
antenna element radiation pattern. Mutual coupling evaluation and analysis by the analytic method needs to be done because the
influence of large mutual coupling will affect the performance of the antenna. The high mutual coupling can affect the antenna
impedance and the total array of the pattern of the array. Therefore, it is important to analyze the mutual coupling of the Vivaldi
antennas from simulation and calculation results.

The next part of this paper evaluates mutual coupling from scattering parameter S;; (port j to i) performance and its radiation
pattern in different sizes of an array, in the E and H plane. It is shown that mutual coupling in CVA-ECT is less than CVA without
aslot (CVA-NS) in the E-plane, but the opposite is true in the H-plane. For wideband array, in the same dimension of array volume,
the smaller width of the element yields better performance of radiation pattern at most of the frequency than larger widths of the
element. We also consider the radiation pattern element and mutual coupling modeling of the Vivaldi array. The modeling result
is compared and analyzed with the simulation result. This paper is organized as follows. Section 2 will discuss mutual coupling in
coplanar Vivaldi Array. Section 3 will discuss mutual coupling calculation, and Section IV is the conclusion.

2 | MUTUAL COUPLING IN COPLANAR VIVALDI ARRAY
Coplanar vivaldi element with no structure is shown in Figure 1.(a) and (e), whreas Coplanar Vivaldi element with Exponential
Corrugated Truncated (ECT) is shown in Fig 1(b). Antenna element in Figure.l is designed on FR4 materials with dielectric constant
of 4.6, substrate thickness of 1.6 mm, copper thickness of 0.035mm, L =60 mm, W = 60 mm, W; =30 mm, L;=42.5 mm, Lg = 7.5mm,
Wy =0.5mm, r=3 mm, Ws = 2.5 mm, Ds =3mm, X = 4 mm, ys =5 mm, R,=0.001 mm, Rs=0.001 mm, N= number of corrugated and
R=0.15 mm. The tapered slot of Vivaldi can be designed in [7]
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where y denotes the tapered slot curve, while xi, y1, X2, and y, are the coordinates of the start and end of tapered slot’s slope.
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FIGURE 1. Coplanar Vivaldi Element: (a) Coplanar Vivaldi conventional, (b). Coplanar Vivaldi Antenna with ECT,
(c) Vivaldi element with smaller width and (d) feeding shape

Figure 2(a) displays the performance of Si1 (bottom side) and Sy: (upper site) obtained for the 2x1 array with element width 40
mm, 50 mm, 60 mm. In an array configuration, the wider the element width, the larger spacing between elements. It reduces mutual
coupling, especially in the lower frequency. The smaller element width yields higher fluctuation of resistance and reactance. At 2
GHz, an array with a continuous patch has a center-to-center spacing of 40 mm = 0.2640, 50 mm = 0.3340, 60 mm = 0.44,. Except
for spacing between elements, the structure of the antenna element could affect isolation between elements in an antenna array.
Figure 2(b) shows the significant result of return loss from measurement and simulation results for CVA-NS and CVA-ECT. Although
there is a slight discrepancy, the array antenna can work in UWB frequency from 2 GHz to more than 10 GHz. The effect on giving
ECT structure to the array antenna performance will be explained in the next subsection.
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FIGURE 2. (a). S11 and Sy: performance in different width of elements and
(b). The simulation and measurement result of return loss for CVA-NS and CVA-ECT.

2.1 | Sij Contour Plot For Linear and Planar Array

Sij performance of CVA-NS performed by contour plot has been discussed in [7] without comparison with CVA-ECT. However, in
this subsection, we compare the S;; performance of several dimensions of the array in the E and H-plane. At 3 GHz, CVA-ECT has
a better performance of Sjj than CVA-NS for 2x1 array in the E-plane as shown in Figure 3(a)-(b). It shows that the Sy; of CVA-
ECT is -20 dB but CVA-NS is -11 dB. The corrugated truncated structure reduces the mutual coupling between array elements
because the surface current will be trapped in the corrugated structure.

(9)

FIGURE 3. Contour plot of scattering parameter (S;) for j™" element to i"" element for (a) CVA-NS 2x1 in the E- plane, (b) CVA-
ECT 2x1 in the E-plane, (c) CVA-NS 1x2 in the H-plane, (d) CVA-ECT 1x2 in the H-plane, () CVA-NS 8x1 in the E-plane, (f)
CVA-ECT 8x1 in the E-plane, (g) CVA-NS 1x8 in the H-plane, (h) CVA-ECT 1x8 in the H-plane.
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The performance S;;of CVA-NS in Figure 3(c) with array dimension 2x1 in the H-plane has a better performance of S;; than
CVA-ECT in Figure 3(d) at 3 GHz with 40 cm spacing between elements. CVA-NS has more varieties of S;j than CVA-ECT. It
shows that the self scattering parameter in the H-plane is better than in the E-plane. Figure.3(e) and (f) show the performance of S;;
in the E-plane for 8x1 array. An increasing number of elements in the E-plane yields a decrease in S;. However S;j performance of
1x8 array in the H-plane is shown in Figure 3(g) and (h). It can be concluded that in a linear array, CVA-ECT has better performance
of Sjj than CVA-NS in the E-plane but the opposite is true in the H-plane. In the E plane, the movement of the surface current in the
structure is obstructed to the next element in a continuous patch. In the H plane, the electric field with ECT structured gives more
interference to the neighboring element from the air, but it depends on the spacing between elements.

2.2 | The Radiation Pattern of the Array

Figure. 4 compares the radiation pattern of 2x1, 8x1, and 2x2 of Vivaldi arrays. CVA-ECT has better gain than CVA-NS at 3 GHz.
Gain performance in the ascending order is reached for 2x1, 2x2, and 8x1. An increasing number of the element, by giving ECT
structure in 8x1 array, only slight produce increasing in gain performance of the antenna at the lower frequency. Figure.4 displays that
the back lobe of CVA-ECT higher than CVA-NS for 2x1 and 2x2 arrays. whereas the back lobe for 8x1 CVA-ECT is less than CVA-
NS. At 3 GHz, 2x1 CVA-ECT has a higher SLL than CVA-NS. This performance is the difference between other frequencies. There
is a trade-off between increasing performance of gain, SLL and back lobe
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FIGURE 4 Gain OF CVA-NS and CVA-ECT for 2x1, 2x2 and 8x1 array at f =3 GHz in the E-plane

The performance of gain in wideband frequency for 2x1, 2x2, and 8x1 array in the E-Plane is shown in Figure. 5(a). The
increase of gain occurs in the most of frequency range for 2x1 CVA-ECT in the linear array and 2x2 CVA-ECT in the planar array in
the E-plane. Whereas for 8x1 linear array, the increase of gain is only on some frequencies i.e. at 3, 4, 6, 7, and 9 GHz. The increasing
number of the element not always the case increases the gain in all frequency band, especially in the linear array. The significant
increase of gain for 2x2 happened in almost all band frequencies. Providing a corrugated slot can improve gain performance in a planar
array, but for a linear array, it does not show an increase of gain at all frequencies.
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FIGURE 5 Gain of CVA-NS and CVA-ECT : (a) 2x1, 2x2 and 8x1 array in the E-plane, and
(b) The gain of CVA-ECT and CVA-NS in the planar array

Scattering parameter for 2x2 array with element dimension 6 cm x 6 cm x 1.6 cm and 3x2 array with element 4 cm x 6 cm x1.6
cm are compared with ECT and No structure. Those comparisons are shown in Figure.5(b). Although both types of the array have
the same volume dimension i.e 12 cmx6 cm x4 cm, the smaller element has a higher performance of gain. At 7 GHz, Gain of CVA-
ECT with 3x2 is 13.69 dB but CVA-NS with 2x2 has a gain of 8.9 dB. It shows increasing of gain as 4.79 dB. It can be concluded
that for the same whole volume of an array, the smaller width of an element of the array, the better performance of gain than the
bigger ones. Using smaller structured elements will decrease gain performance in lower frequency but for the whole frequency, the
smaller structure is preferable.

3 | MUTUAL COUPLING CALCULATION

Mutual coupling of the antenna interferes with antenna performance due to its electromagnetic interaction. It can influence impedance
and radiation pattern performance. Vivaldi antenna as a wideband antenna shows trade of the mutual coupling and radiation
performance. The spacing between elements interferes with mutual coupling in the lower frequency but it also interferes with radiation
pattern performance in the higher frequency. In the lower frequency, in the E plane, the antenna element has smaller spacing between
elements than spacing at a higher frequency relative to its wavelength. Mutual coupling analysis can be found from mutual scattering
S;j or mutual impedance Z;;. Calculation of mutual coupling for dipole and microstrip antenna has been discussed in [14]. It develops
resistance modeling by pointing vector and reactance modeling by Kramers-Kronig relation. The integral through electric and magnetic
field stated in that literature in equation (2) as power radiated from the radiator. Where E is an electric field, r is the distance between
radiation center to surface, ¢,(8, ¢) is the amplitude of the radiation pattern. Z; is impedance parameter that interferes by free space
characteristics impedance, radiation resistance and the directivity of radiator. These parameters are explained in detail in the
reference[14]

S{( dS-—ﬂE\ sin 6 dode =Re{1207'r |m1 ImlIil,z'fjjqi,(e,(p)(/f(ﬁ,(p)sin6d9d(p} O]
2/!7[
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Impedance antenna consists of resistance and reactance can be seen in equation (3) and (4) by reference, where the wavenumber of
k =w/c, dis the distance between the element in an array. From that equation, we found that there is radiation pattern modeling
that is needed to model mutual resistance and mutual reactance. The radiation pattern modeling of the Coplanar Vivaldi element has
been discussed [15]. However, it was complicated. As a result, we modeled simple radiation pattern modeling for Vivaldi element
as shown in equation (5):

2
_ 2 1.46 5
(6.0)= 0.4(cos(1.89) +0.6exp(—2.5( % s0) D 5)
8 T T " " BnE
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FIGURE 6. (a) Normalized radiation pattern of Coplanar Vivaldi element, (b) Mutual resistance and reactance vs distance, (c)
Mutual resistance vs frequency, and (d) Mutual reactance vs frequency

Figure 6(a) displays radiation pattern the coplanar Vivaldi element in modeling result and simulation result in the E-plane at phi=90°.
This model can be developed for array analysis with factor array for coplanar Vivaldi in large volume and configuration of the array.
Mutual resistance and reactance can be found by including the coplanar Vivaldi element modeling into equation (3) and (4). Mutual
impedance vs distance of Coplanar Vivaldi array can be seen in Figure. 6(b). It exposes that there is consistency in mutual impedance
using modeling results and simulation results. This article also purposes an equation for mutual impedance vs frequency of coplanar
Vivaldi array that can be shown in equation (6) and (7).

2 —02f 2z 7
2 f . . .
I, = 120;; 'H(S*W* 2)) cos(c4.75d smesm(pjsmejd&dq) (6)
ZZe—OSSf 2r 7w ﬂf . A (7)
= ( oon _{[_{[(12 0(/7 sm( . (475W)dsm6?sm(p] smejdé)d(p+1+(fxB)]+W

Where Zi= impedance of element , W = element width, d = distance between element, A = the width of element and B = the length
of the Coplanar Vivaldi element. Figure.6(c) and (d) display comparison mutual resistance vs frequency from equation (6) and
mutual reactance vs frequency from equation (7) of modeling result and simulation result of coplanar Vivaldi. By using the modeling
result we can approximately the mutual impedance of the array without simulation by including the radiation pattern modeling.
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4 | CONCLUSION

Mutual coupling analyzed and calculation has been done for some array configuration i.e 2x1, 8x1, 2x2 and 3x2 of Coplanar Vivaldi
array in E and H-plane. Exponential Corrugated Slot (CVA-ECT) has a better performance of mutual coupling and radiation pattern
in the E-plane than Coplanar Vivaldi Array without slot (CVA-NS) but it is the opposite in the H-plane. In planar array, for the same
volume of an array, the smaller width of element array yields better performance in gain than the wider ones in most operating
frequencies. At 7 GHz, from the simulation result, 3x2 of CVA-ECT reach increasing in gain 4.79 dB, if it compares with CVA-NS,
in the same volume of an array. Mutual coupling calculation of Coplanar Vivaldi array has been done to get mutual resistance and
mutual reactance of Vivaldi array by including Coplanar Vivaldi element modeling in the calculation. The coplanar Vivaldi element
modeling can be developed for array analysis with factor array in large volume and various configuration of the array. The calculation
result of mutual coupling Coplanar Vivaldi array can be developed for mutual coupling analysis as validation with electromagnetic
simulation.
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1 | INTRODUCTION

aldi antenna is a tapered slot antenna [1] that has wide bandwidth and high gain. The previous study that describes return loss
and radiation pattern performance of the Vivaldi element by changing the shape of the radiator has been discussed in [2][3][4][5].
as well as the effect of the type of substrate on the antenna[6]. However, these explanations are just only for a single element
antenna.

Vivaldi antenna can be arranged in an aray to reach higher directf and smaller beam width than a single element. In an
array, the spacing between elements affects the result of the return loss and the performance of the total array pattem [7]. In wideband
array, the wider element can improve return loss and mutual coupling performance in the low-end frequency, but it yields worse
performance of radiation pattern in high-end frequency due to grating lobe and conversely. Vivaldi antenna as the wideband antenna
various applications in the array such as astronomy|[8] and radar[9]. However, it has a problem in mutual coupling especially if the
width of the antenna is less than one-half the wavelength of its low-end frequency. Furthermore, the existence of a mutual coupling
disrupts phase vector [10]. Mutual upling analysis was done as a previous study by Exponential Corrugated Truncated (CVA-ECT)
Slot [6]. The discussion is only for two antenna elements in the E-plane. There is no discussion for H-plane and no discussion on some
dimension of the array.
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Mutual coupling reduction has been discussed in microstrip [11], monopole antenna [12], and Vivaldi antenna [7] by
electromagnetic computation result. Mutual coupling in an analytical approach has been carried out in microstrip [13] and dipole
[14] array. In that paper, the mutual coupling of the dipole antenna is shown from the mutual impedance which depends on the
antenna element radiation pattern. lmml coupling evaluation and analysis by the emflic method needs to be done because the
influence of large mutual coupling will affect the performance of tlm']tenna. The high mutual coupling can affect the antenna
impedance and the total array of the pattern of the array. Therefore, it is important to analyze the mutual coupling of the Vivaldi
antennas from Sinllilli()l] and calculation results. 1

The next part of this paper evaaates mutual coupling from scatnin g parameter §j (port j to i) performance and its radiation

pattern in different sizes of an array, in the E and H pla It is shown that mutual coupling in CVA-ECT is less than CVA without
a slaCVA-NS) in the E-plane, but the opposite is true in the H-plane. For wideband array, in the same dimension of array volume,
the smaller width of the element yields better performance of radiation pattern at most of the frequency than larger widths of the
element. We also consider the radiation pattern elemﬁemd mutual coupling modeling of the Vivaldi array. "[B modeling result
is compared and analyzed with the simulation result. This paper is organized as follows. Section 2 will discuss mutual coupling in
coplanar Vivaldi Array. Section 3 will discuss mutual coupling calculation, and Section IV is the conclusion.
2 | MUTUAL COUPLING IN COPLANAR VIVALDI ARRAY

Coplanar vivaldi element wim() structure is shown in Figure 1.(a) and (e), whreas C()n]eu‘ Vivaldi element with Exponential
Corrugated Truncated (ECT) is shown in Fig 1(b). Antenna element in Figure.! is designed on FR4 materials with dielectric constant
of 4.6, substrate thickness of 1.6 mm, copper thiclcness.(BSmm, L =60 mm, W= 60 mm, W, =30 mm, L,=42.5 mm, L, =7.5mm,
Wa=0.5 mnﬂ’: 3 mm, W= 2.5 mm, Df=3mm, x; =4 mm, yr=5 mm, R>=0.001 mm, R=0.001 mm, N=number of corrugated and
R=0.15 mm. The tapered slot of Vivaldi can be designed in [7]

(5
Ya— ¥ vie = yae

R _ g 2 PL (1)

.\'—lem—cz’ ¢ =

(4
where y denotes the tapered slot curve, while x,, y|, x> and ¥, are the coordinates of the start and end of tapered slot’s slope.
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FIGURE 1. Coplanar Vivaldi Element: (a) Coplanar Vivaldi conventional, (b). Coplanar Vivaldi Antenna with ECT,
(c) Vivaldi element with smaller width and (d) feeding shape

Figure 2(a) displays the performance of Sy, (bottom side) and S>; (upper site) obtained for the 2x1 array with element width 40
mm, 50 mm, 60 mm. In an array configuration, the wider the element width, the larger spacing between elements. It reduces mell
coupling, especially in the lower frequency. The smaller element width yields higher fluctuation of resistance and reactance. At 2
GHz, an array with a continuous patch has a center-to-center spacing of 40 mm = 0.2640, 50 mm = 0.3340, 60 mm = 0.4/0. Except
for spacing between elements, the structure of the antenna element could affect isolation between elements in an antenna array.
Figure 2(b) shows the significant result of return loss from measurement and simulation results for CVA-NS and CVA-ECT. Although
there is a slight discrepancy, the array antenna can work in UWB frequency from 2 GHz to more than 10 GHz. The effect on giving
ECT structure to the array antenna performance will be explained in the next subsection.
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FIGURE 2. (a). Sy; and S5 performance in different width of elements and
(b). The simulation and measurement result of return loss for CVA-NS and CVA-ECT.

2.1 | Sij Contour Plot For Linear and Planar Array

Sjj performance of CVA-NS performed by contour plot has been discuﬂ] in [7] without comparison with CVA-ECT. However, in
this subsection, we compare the §;; performance of seve@imensions of the array in the E and H-plane. At 3 GHz, CVA-ECT has
a better performance of §jj than CVA-NS for 2x1 array in the E-plane as shown in Figu@(a)-(b). It shows that the S of CVA-
ECT is -20 @ but CVA-NS is -11 dB. The corrugated truncated structure reduces the mutual coupling between array elements
because the surface current will be trapped in the corrugated structure.

ISl ; IS,

dB_15 dB

-15

=20

-25

-3
2 4 6 8 2 4 6 8 2 4 6 8 2 4 6 8
@) ® (@) {h‘)a

FIGURE 3. Contour plot of scattering parfaheter (i) for /" element to /" element for (a) CVA-NS 2x1 in the E- plane, (b) CVA-
ECT 2x1 in the E-plane, (¢) CVA-NS 1x2 in the H-plane, (d) CB-ECT 1x2 in the H-plane, (e) CVA-NS 8x1 in the E-plane, (f)
CVA-ECT 8x1 in the E-plane, (g) CVA-NS 1x8 in the H-plane, (h) CVA-ECT 1x8 in the H-plane.
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The performance §;;of CVA-NS in Figure 3(c) with array dimension 2x1 in the H-plane has a better performance of §j; than
CVA-ECT in Figure 3(d) at3 GHz wi(] cm spacing between elements. CVA-NS has more varieties of §;; than CVA-ECT. It
shows that the self scattering parameter in tm-l-plane is better than in the E-plane. Figure 3(e) and (f) show the performance of §j;
in the E-pme for 8x1 array. An increasing number of elements in the E-plane yields a decrease in §;;. However §;; performance of
1x8 array in the H-plane is shown in Figure 3(g) and (h). Iln be concluded that in a linear array, CVA-ECT has better performance
of §;; than CVA-NS in the E-plane but the opposite is true in the H-plane. In the E plane, the movement of the surface current in the
structure is obstructed to the next element in a continuous patch. In the H plane, the electric field with ECT structured gives more
interference to the neighboring element from the air, but it depends on the spacing between elements.

2.2 | The Radiation Pattern of the Array

Figure. 4 compares the radiation pattern of 2x1, 8x1, and 2x2 of Vivaldi arrays. CVA-ECT has better gain than CVA-NS at 3 GHz.
Gain performance in the ascending order is reached for 2x1, 2x2, and 8x1. An increasing number of the element, by giving ECT
structure in 8x1 amray, only slight produce increasing in gain performance of the antenna at the lower frequency. Figure 4 displays that
the back lobe of CVA-ECT higher than CVA-NS for 2x1 and 2x2 arrays. whereas the back lobe for 8x1 CVA-ECT is less than CVA-
NS. At 3 GHz, 2x1 CVA-ECT has a higher SLL than CVA-NS. This performance is the difference between other frequencies. There
is a trade-off between increasing performance of gain, SLL and back lobe

= CVA-NS 2x1
====CVA-ECT 2x1
—— CVA-NS 8x1
====CVA-ECT 8x1
—— CVA-NS 2x2
====CVA-ECT 2x2

Gain (dB)

FIGURE 4 Gain OF CVA-NS and CVA-ECT for 2x 1, 2x2 and 8x1 array at f =3 GHz in the E-plane

The performance of gain in wideband frequency for 2x1, 2x2, and 8x1 array in the E-Plane is shown in Figure. 5(a). T
increase of gain occurs in the most of frequency range for 2x1 CVA-ECT in the linear array and 2x2 CVA-ECT in the planar array in
the E-plane. Whereas for 8x1 linear array, the increase of gain is only on some frequencies ie. at 3,4, 6,7, and 9 GHz. The increasing
number of the element not always the case increases the gain in all frequency band, especially in the linear array. The significant
increase of gain for 2x2 happened in almost all band frequencies. Providing a corrugated slot can improve gain performance in a planar
array, but for a linear array, it does not show an increase of gain at all frequencies.
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FIGURE 5 Gain of CVA-NS and CVA-ECT : (a) 2x1, 2x2 and 8x1 array in the E-plane, and
(b) The gain of CVA-ECT and CVA-NS in the planar array

Scattering parameter for 2x2 array with element dimension 6 cm x 6 cm x 1.6 em and 3x2 array with element 4 cm x 6 cm x1.6
cm are compared with ECT and No structure. Those comparisons are shown in Figure.5(b). Although both types of the array have
the same volume dimension i.e 12 cmx6 ¢cm x4 cm, the smaller element has a higher performance of gain. At 7 GHz, Gain of CVA-
ECT with 3x2 is 13.69 dB but CVA-NS with 2x2 has a gain of 8.9 dB. It shows increasing of gain as 4.79 dB. It can be concluded
that for the same whole volume of an array, the smaller width of an element of the array, the better performance of gain than the
bigger ones. Using smaller structured elements will decrease gain performance in lower frequency but for the whole frequency, the
smaller structure is preferable.

3 | MUTUAL COUPLING CALCULATION

Mutual coupling of the antenna interferes with antenna performance due to its electromagnetic inmlim. It can influence impedance
and radiation pattern performance. Vivaldi antenna as a wideband antenna shows trade of the mutual coupling and radiation
perforra]oe. The spacing between elements interferes with mutual coupling in the lower frequency but it also interferes with radiation
pattern performance in the higher frequency. In the lower frequency, in the E plane, the antenna element has smaller spacing between
elements than spacing at a higher frequency relative to its wavelength. Mutual coupling analysis can be found from mutual scattering
§ij or mutual impedance Z;;. Calculation of mutual coupling for dipole and microstrip antenna has been discussed in [14]. It develops
resistance modeling by pointing vector and reactance modeling by Kramers-Kronig relation. The integral through electric and magnetic
field stated in that literature in equation (2) as power radiated from the radiator. Where E is an electric field, r is the distance between
radiation center to surface, ¢;(6, ¢) is the amplitude of the radiation pattern. Z; is impedance parameter that interferes by free space
characteristics impedance, radiation resistance and the directivity of radiator. These parameters are explained in detail in the
reference[14]

[(ExH")ds = |7:J‘r [|E[ 2 sin 6 dodyp = Re{ if;; WA ”¢ (6.0)g; (6.0)sin dfi‘d.;a} 2)
S s 13 e ]

s, =—]26£ E[E[(gi [B,qo]oos(kdsmﬁsmqo]smﬁ]dﬁdqo (3)
X, =—%]‘j(¢2 (6.9)sin(k d sin 0)sin6)dfd o @
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Impedance antenna consists of resistance and reactance can be seen in equation (3) and (4) by reference, where the wavenumber of
k =@/ c.d is the distance between the element in an array. From that equation, we found that there is radiation pattern modeling
that is needed to model mutual resistance and mutual reactance. The radiation pattern modeling of the Coplanar Vivaldi element has
been discussed [15]. However, it was complicated. As a result, we modeled simple radiation pattern modeling for Vivaldi element
as shown in equation (5):

$(0.0)= 0.4[005(1 86) +0.6exp [-2.5(1 -4%30)2 J] )
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FIGURE 6. ( a) Normalized radiation pattern of Coplanar Vivaldi element, (b) Mutual resistance and reactance vs distance, (c)
Mutual resistance vs frequency, and (d) Mutual reactance vs frequency

Figure 6(a) displays radiation pattern the coplanar Vivaldi element in modeling result and simulation resultin the E-plane at phi=90°.
This model can be developed for array analysis with factor array for coplanar Vivaldi in large volume and configuration of the array.
Mutual resistance and reactance can be found by including the coplanar Vivaldi element modeling into equation (3) and (4). Mutual
impedance vs distance of Coplanar Vivaldi array can be seen in Figure. 6(b). It exposes that there is consistency in mutual impedance
using modeling results and simulation results. This article also purposes an equation for mutual impedance vs frequency of coplanar
Vivaldi array that can be shown in equation (6) and (7).

~2 -01f lam
2™

€ R 2 . ) .
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) 1207 c
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A
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Where Z= impedance of element , W = element width, d = distance between element, A = the width of element and B = the length
of the Coplanar Vivaldi element. Figure.6(c) and (d) display comparison mutual resistance vs frequency from equation (6) and
mutual reactance vs frequency from equation (7) of modeling result and simulation result of coplanar Vivaldi. By using the modeling
result we can approximately the mutual impedance of the array without simulation by including the radiation pattern modeling .
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4 | CONCLUSION

Mutual coupling analyzed and calculation has been done for some elrrela:()nﬂgurelli()n i.e 2x1,8x1,2x2 and 3x2 of Coplanar Vivaldi
array in E and H-plane. Exponential Corrugated Slot (CVA-ECT) has a better performale of mutual coupling and radiation pattern
in the E-plane than C()plar Vivaldi Array without slot (CVA-NS) but it is the opposite in the H-plane. In planar array, for the same
volume of an array, the smaller width of element array yields better performance in gain than the wider ones in most operating
frequencies. At 7 GHz, from the simulation result, 3x2 of CVA-ECT reach increasing in gain 4.79 dB, if it compares with CVA-NS,
in the same volume of an array. Mutual coupling calculation of Coplanar Vivaldi array has been done to get mutual resistance and
mutual reactance of Vivaldi array by including Coplanar Vivaldi element modeling in the calculation. The coplanar Vivaldi element
modeling can be developed for array analysis with factor array in large volume and various configuration of the array. The calculation
result of mutual coupling Coplanar Vivaldi array can be developed for mutual coupling analysis as validation with electromagnetic
simulation.
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