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Abstract: In this paper, an electromagnetic diode with TEM mode, such as MILO, is connected directly to a Dual Mirrored
Slotted Array Antenna (DMSAA). To convert a donut-shaped pattern of the electromagnetic source into a directive pattern, mode
converters have been used in the past. But their losses, weight, size, and cost additions impact negatively on total system
performance. Due to not using any mode converters, this is useful. Given the input is an electromagnetic diode with a TEM
output mode, a large bandwidth is unnecessary. Therefore, slot antennas are used. Usually, array antennas were commonly used
to increase the directivity and beamforming at the output of mode converters. To convert a donate-shaped pattern into a directive,
half of the aperture fields must be rotated 180°. Here, the diode outlet is connected to the DMSAA with an inherent phase
difference of 180° of the electric fields. For this purpose, a power divider and a pair of narrow wall slotted array antennas
(NWSAA) have been used. The antenna is simulated at 10GHz frequency. The results show a fully directive beam with a side
lobe level (SLL) below -10dB. Also, S;; is -16.5dB, at 10GHz frequency. Because the mode converter is completely removed,
this structure is very suitable for compact applications.
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slotted array antenna is presented and design. In subsection
2.2 a DMSAA is introduced and design. Finally, the total
structure is assembled and its results is presented. At the end,
Conclusion is presented.

1. Introduction

The output fields of electromagnetic diodes are mainly in
TEM or TM,; mode [1-7]. If the electromagnetic field in the
modes is propagated directly into space by a cone antenna or
an open-ended waveguide, the radiation pattern will be
donut-shaped [1-3]. Usually, mode converters are used to
solve the problem. But, using the mode converters creates
many problems, the most important of which are increasing
the volume of the system, side lobe levels, and return losses [1,
3, 8]. To increase the purity of the mode TEy in the
rectangular waveguide [2] (or TE; in the circular waveguide
[3]). Usually, after using a proper mode converter, the outlet is
connected to an array antenna [9-13].

In this paper, we connect a coaxial waveguide directly to
the slotted array antenna without any using mode converter,
and a directive pattern is obtained.

In Section 2, we present the theory and design of the
antenna. The section consists of three subsections. In
Subsection 2.1, a power divider feeding two narrow-wall

2. Theory and Design

If we consider the outlet of the electromagnetic diode as a
coaxial waveguide, the electrical fields are arranged radially
[1, 2]. Assume, the coaxial waveguide consists of two
180-degree sectorial waveguides, so their electrical fields
have a 180° phase difference. The electrical fields in these two
sectorial waveguides are in TE;; mode. Now, if these are
connected to two rectangular waveguides, TE;, mode is
excited in these [13]. The electrical fields in the rectangular
waveguides have a 180° phase difference. Now, if the
waveguides are connected to the inlets of two slot array
antennas where the slots are symmetrical. It is like where two
similar slot array antennas are fed by two fields which have a
180° phase difference. The design of the system consists of
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two main parts. A 1x2 coaxial to rectangular power divider,
and a DSMAA.

Rectangular
Waveguide
#1

Rectangular
Wavegnide
#2

Figure 1. 1 %2 coaxial to rectangular power divider.
2.1. 1x2 Coaxial to Rectangular Power Divider

All of the antennas are usually fed by special structures [14],
but here the simple structure is used. A coaxial waveguide
consists of a body and core [15]. In this paper, the circular
body of the coaxial waveguide is transformed into a
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rectangular waveguide, with small changes. The coaxial
waveguide core also slowly turns into a plate. In Figure 1, the
1x2 coaxial to rectangular power divider is shown.

Since this system must be designed at 10GHz frequency, to
reduce the possibility of excitation of higher modes, the width
of the rectangular waveguides must be selected appropriately.
So, we have [14]:
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where, fC(TElO) and fC(TEZO) are cut-off frequencies of the

dominant and second modes excited in an air-filled
rectangular waveguide, respectively. Also, ¢ and a are
lightspeed and the rectangular waveguide width, respectively.
Now, ifitis assumed b > a/2, the second mode excited in the
rectangular waveguide is TEyy (b is the height of the outlet
waveguides). The inner diameter of the coaxial waveguide
body is approximately 20 mm. For the impedance of the
coaxial waveguide to be equal to 50 Q, the core diameter must
be equal to 0.43 of the body. Figure 2 shows the electric fields
at the input and output of the power divider.
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Figure 2. The electrical fields along with 1x2 coaxial to rectangular power divider, a) Longitudinal cut-view, b) coaxial waveguide input, and c) rectangular

waveguide output.

If the input, and upper and downer output ports are numbered 1, 2, and 3, respectively, the S parameters are as Figure 3.
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Figure 3. S parameters 1X2 coaxial to rectangular power divider.
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Figure 4. Output port phases and their difference.

According to Figure 3, the electrical field strength at the
outputs is equal in ports 2 and 3. Also, the strengths of the
higher modes are very weak in both output ports. Furthermore,
the Sy, is less than -20 dB, which is very good. According to
the theory described above, the electric fields in the two output
rectangular waveguides have a phase difference of 180°. This
is shown in Figure 4.

2.2. Antenna Design

In this paper, an NWSAA is used. Next, an NWSAA is
designed, and another is completely symmetrical. To design
an NWSAA, first, the width, height, and thickness of the
waveguide are selected. In this design, the widths of all slots
are equal, and they are selected one-twentieth of the free-space
wavelength [15]. To design an NWSAA, the following must
be done in order [16-18]:

1. Calculate the free space wavelength as follows,

—
ho=% @)
2. Calculate the width of the slots as follows,
A
W =2 3)

20

3. Selecting the width, height, and thickness of the
waveguide, Calculating the guide wavelength as follows,

Ay = —2 @)

g 1_(/1_0)2

2a

4. Calculating the distance of the slot centers as follows,

S, =2 )

20

5. Calculating the amplitude coefficient of each slot. These
parameters are calculated by Array Factor. The radiation
pattern is actually a multiplication of the element’s radiation
pattern or called Array Factor. Array Factor can be expressed
by the following formula,

Foy = Z%=1 a, cos[(2n — Y]
Y= %COS Q (6)

Etotar = Ectement X F

Not, Array Factor of a uniform array is as

sin(%)
a, =
n N sin(%)
6. Calculating the normalized resonant conductance of the
slots as follows,

(N

2
a? .
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1,2,..,N (8)

7. Calculating the angle between the axis elements and the
vertical as follows,

6, = —900.7g2 + 237.6g, + 2 )

8. Calculating the depth of slots as follows,

b

On
d, =t +|0.4625 A — corlidy) (10)

By the aforesaid nine steps, NWSAA can be designed. The
dimensions derived from these steps, at l0GHz frequency, are
given in Figure 5 and Table 1.

Table 1. The values of the parameters.

Value (mm or Value (mm &
Parameter Parameter

degree) degree)
a 21.4 0 19.33
b 9.5 0, 17.90
t 1.2 0g 15.14
Ro 20.6 04 11.99
Ri 8.6 010 13.35
Ws 1.5 d 2.05
Ss 21.0 d> 2.06
Lw 19.4 ds 1.99
Lt 9.6 ds 1.91
Lm 20.8 ds 1.87
0, 12.86 de 1.87
0, 11.66 d; 1.92
05 15.16 ds 1.99
0, 19.13 dy 2.06
0 20.88 dio 2.04

2.3. Total System

Figure 6 shows the final structure made by connecting a
1*2 coaxial power divider to a DMSAA.
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Figure 5. The parameters of the total system.
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Figure 6. An overview of the total system.

In Figure 7, its radiation patterns are shown.
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Figure 7. The radiation gain patterns of the DMSAA, in the E and H plates.
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According to the antenna patterns, it is clear that at & = 0, the antenna patterns, despite the coaxial inlet, are completely
directive in both plates. In Figure 8, the total S;; is shown.
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Figure 8. total S;,.

3. Conclusion

We can conclude that without the use of a mode converter,

a direct radiation pattern can be obtained. If a DMSAA is
used, the 180° phase difference between the upper and lower
waveguides can be removed. In this article, the topic is
designed and simulated. The total S;; is -16.6 dB, at the 10
GHz frequency. Also, the SLL is -20 dB and x-pol radiation
patterns are less than -30dB. Due to non-use any mode
converter, the cost and volume of the total structure is
decrease, dramatically.
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