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ABSTRACT

Currently, spiral antennas are widely studied and applied for both military and civilian
purposes. However, ensuring that the antenna system operates effectively across a wide frequency
range while still meeting gain and directionality requirements is a complex problem. In this article,
the authors present the results of research and design of spiral antennas operating in the 2 to 4
GHz frequency range (S band). The analysis of operating principles, calculations, and simulations
using CST 2019 software demonstrates that the antenna system operates over a broad frequency
range, meeting the requirements of passive radar stations.
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1. INTRODUCTION

Passive radar systems are a class of radar systems that detect and track targets by receiving and
processing waves emitted by the target itself to determine its location and coordinates. Passive radars
offer several significant advantages, foremost being their undetectability by radio reconnaissance
systems. Unlike active radars, passive radars do not emit any radio waves, making them invisible to
radar detection systems, as they rely solely on receivers with wideband multi-channel antenna
systems. Consequently, the receiving antenna of a passive radar system must operate across a wide
frequency range to detect and locate targets operating at different frequencies.

Existing passive radar antenna designs often incorporate various types of antennas, including horn
antennas, parabolic antennas, array antennas, dipole antennas and spiral antennas. Among these, spiral
antennas are widely used for diverse applications. In [1-2], a log-periodic antenna with a wide operating
frequency range is used; however, the radiation pattern does not concentrate energy in a single
direction, and the side lobe levels are high. In [3], a patch antenna with a compact size is used; however,
it has a narrow operating bandwidth and high losses. In [4], a dipole antenna is used, featuring a simple
structure but with a narrow operating frequency range and a large reflector size. In [5-7], the antenna is
designed for a wide frequency range, utilizing internal absorbing materials, resulting in a complex
structure with low directivity. In [8] and [9], the antenna is designed for narrow frequency range and
low directivity. In [10], the antenna is designed for the 2+18 GHz frequency range, with a controlled
standing wave ratio (VSWR) and ensured directivity; however, the side lobe level is high at certain
frequencies. The antenna in [11] is designed for the 1+9 GHz frequency range, featuring a complex
structure with multiple spirals, but its directivity remains low (greater than -2 dBi). To address these
issues, the research team proposes an antenna design with a reduced number of spirals and the
incorporation of open spaces in the casing to minimize size and enhance directionality. This approach
enables the achievement of highly directional radiation patterns in both planes and low side lobe levels,
meeting the requirements of passive radar systems. This paper presents the research findings and design
for a spiral antenna operating in the 2 + 4 GHz frequency band (S-band).

2. PROBLEMS

2.1. Calculation and design of Archimedean spiral antenna
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The Archimedean spiral antenna is a common spiral antenna structure, which can be flat,
circular or rectangular in shape. The design of these antennas can be done on a printed circuit board
or as a wired connection in free space. The housing used to support the antenna can be a metal
cylinder with a depth of A/4, where A corresponds to the center frequency of the operating band.
On the broad side, to achieve a unidirectional pattern, the spiral antenna is mounted above a
reflector or an absorbing container. A perfectly conducting reflector should be at an optimal
distance of A/4 from the antenna. The basic structure of a 2-arm Archimedean spiral antenna is
shown in figure 1 below. The input impedance can be determined using Babinet's principle.
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Where, 7 is the characteristic impedance of the antenna’'s surroundings.
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Figure 1. Shape of the Archimedean spiral antenna.
For a free-space Archimedean spiral antenna, the input impedance will be:
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In the Archimedean spiral antenna design, each arm of the spiral is linearly proportional to the
angle and is determined by:

r=rp+nvar=r(p—z)+r (3)
where, r,is the inner radius of the spiral. The proportionality constant is determined from the
width of each arm (w) and the distance between turns (s), which for a spiral is given by:

S+w 2w
h=——=" (4)
T T
The width between the turns is determined by:
L-n
S=——=—-W=W 5
N (5)

The Archimedean spiral antenna radiates from a region whose circumference is half a
wavelength. This is called the active region of the spiral. Each arm of the spiral is phase-shifted
by 180°, so that when the circumference of the spiral is one wavelength, the currents at additional
points or on each arm of the spiral will be in phase with each other in the far field. The low-
frequency operating point of the spiral is theoretically determined by the outer radius.
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Similarly, the high frequency operating point of the spiral is theoretically determined by the
inner radius:

c
f. B =— 7
high 27rl’l ( )
In practice, the low frequency point will be larger than expected, due to reflections from the
end of the spiral. Reflections can be reduced by using a resistive load at the end of each branch or
by adding additional power loss to the outer loop of each branch. Additionally, the high frequency
limit may be smaller than expected, due to the feed band effect.

2.2. Balun calculation and design for Archimedean spiral antenna

The structure of the designed Balun is shown in figure 2. The Balun can perform impedance
conversion at the input and output, so as to match the required impedance. Baluns play an
important role in distributing power from the input to the spiral, ensuring proper impedance. The
author used Balun with Rogers RT5880 diclectric substrate €1 and thickness e.
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Figure 2. Top and bottom view of the designed Balun.

Both the top and bottom leads of the Balun are designed to be tapered, from the unbalanced
input port to the equal width balanced parallel strip at the output. The change in characteristic
impedance with distance is determined by the formula:

1 r 22
INZ(z)==In(Z,Z,) +—>—A’p| == -1,A 8
(=5 @2+ 2w 2 o1a) ®
With 0<z<L.
| JAYL- . . o .
Where: (X, A)=-¢ '[ y with |x| <1 and 1,(x) isamodified Bessel function.
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3. RESULTS AND DISCUSSION

3.1. Define design requirements

The derived spiral antenna parameters are based on the calculations and system design of S-
band passive radar. The spiral antenna design problem is carried out with the specification
presented in table 1.
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Table 1. Spiral antenna specifications.

Ne Technical parameters Unit Required value
1 | Operating frequency range GHz 2+4

2 | Standing wave ratio (VSWR) <25

3 | Gain dBi >1

4 | Beamwidth at -3 dB Degree 60° + 30°

The problem is to design an small size antenna with high directivity while still ensuring the
operating frequency range. Therefore, the authors used Rogers RT5880 dielectric substrate &, and
thickness g with low loss and created an open space inside with box walls (heigh h and radius d)
as shown in figure 3.

Figure 3. 3D model of spiral antenna on CST simulation software.

Build a 3D model of the spiral antenna with basic size parameters after optimization as shown
in table 2.

Table 2. Basic dimensions of spiral antenna.

Ne | Parameters | Value | Ne | Parameters | Value | Ne | Parameters Value
1 s (mm) 2.4 6 W; (mm) 3.5 11 € 2.2
2 w (mm) 1.3 7 W3 (mm) 1.3 12 e (mm) 1.6
3 r (mm) 2.99 8 L1 (mm) 101.2 | 13 g (mm) 0.8
4 r, (mm) 3291 | 9 L, (mm) 2 14 h (mm) 22
5 Wi (mm) 13 10 €1 2.2 15 d (mm) 45

3.2. Calculation results

Figure 4 to figure 8 shows the calculation and simulation results of the designed spiral antenna
on CST software.
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Figure 4. Standing wave ratio of the designed spiral antenna.
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In figure 4, the standing wave ratio of the antenna is less than 2 in the frequency range of 2 + 4
GHz, which is good for passive radar stations. The radiation pattern at 2 GHz is shown in figure 5.
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Figure 5. Simulation results, calculated radiation pattern at f = 2 GHz.

In figure 5, the antenna gain in both planes is 7.3 dBi and the side lobe level is less than -24.4
dB. The radiation pattern at 3 GHz is shown in figure 6.
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Figure 6. Simulation results, calculated radiation pattern at f = 3 GHz.

From figure 6, the antenna gain in both planes is 9 dBi and the side lobe level is less than -27.2
dB. The radiation pattern at 4 GHz is shown in figure 7.
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Figure 7. Simulation results, calculated radiation pattern at f = 4 GHz.
From figure 7, the antenna gain in both planes is 11 dBi and the side lobe level is less than -
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19.4 dB. The antenna gain results in the 2 + 4 GHz band are shown in figure 8.
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Figure 8. Gain of a spiral antenna.
From figure 8, the antenna gain is greater than 7 dBi in the 2 + 4 GHz range.

Tables 3 and 4 present the results of the spiral antenna calculations and compare them with
some published antenna types.

Table 3. Spiral antenna calculation results.

Ne Technical parameters Unit Required value Simulation results
1 | Frequency range GHz 2+4 2+4
2 | Standing wave ratio (VSWR) <25 <1.95
3 | Gain dBi >1 >7
4 | Beamwidth at -3 dB Degree 60° + 30° 60° + 20,8°
Table 4. Comparison of the proposed spiral antenna with some published types.
Ne Operating frequency | Standing wave Gain Dimension (mm)
range (GHz) ratio (VSWR) (dBi)
[1] 14+12 <2 >45 115x72.2
[2] 05+6 <2 >4.6 170 x 160
[3] 2.5 1.12 >8.49 46.5x 0.6
[4] 1.89 +2.48 <2 >-20 1000 x (0.22 + 1)ko
[5] 2+18 <138 >-2.65 50 x17.5
Article 2+4 <1.95 =17 90 x 22

3.3. Analysis of calculation results

The simulation results show that the method of creating an open space inside the box shell is
clearly effective. The calculation results show that the technical parameters meet the requirements.
To evaluate objectively, the authors compared the calculation results of the proposed antenna with
some published types. From the comparison results, it can be seen that the proposed antenna not
only meets the requirements of compact size but also ensures high standing wave coefficient and
gain coefficient in the operating frequency range. Published results show that, if the standing wave
ratio result is good, the directivity remains low.

4. CONCLUSIONS

The authors have provided an overview of the calculation and design of a spiral antenna with a
proposed structure that uses fewer turns and incorporates open space in the shell to reduce size and
increase gain. By analyzing the theoretical basis of spiral antenna types and performing simulations
using CST software, the antenna's performance was evaluated against published designs. The
calculation results demonstrate that the antenna meets the technical requirements for passive radar
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stations. These findings lay the groundwork for further research and design of antennas for passive
radar applications, ensuring operation across a wide frequency range while meeting size and
directionality requirements.
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TOM TAT
Thiét ké ing ten xoin dc Archimedean trng dung trong ra da thu dong

Hién nay, dng ten xodn oc dwoc nghién civu va iing dung rong rdi trong muc dich quan
swva dan sw. Tuy nhién, daé dam bdo hé théng ang ten hoat déng trong ddi tan sé rong, dong
thoi van dap vng dwoc hé so khuéch dai va dg dinh hu’o’ng la mot bai toan phirc tap. Trong
bai bao ndy, nhom tac gia trinh bay két qua nghién ciru va thiét ké dng ten xodn éc hoat
ddng trong ddi tan sé tir 2 dén 4 GHz (bang tan S). Két qud phan tich nguyén Iy hoat dong,
tinh todn va mé phong trén phan mém CST 2019 cho thdy hé thong ang ten hoat dgng trong
ddi tan s6 réng, déap vmg dwoc yéu cau trong cac dai ra da thu dong.

khéa: Radar thy dong; Ang-ten xodn dc.
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