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Abstract. Antenna miniaturization is a major challenge in meeting the increasing demands of compact
devices, particularly in the Internet of Things (IoT) and low-power wireless telecommunications sectors.
In this context, this study presents the design of a miniaturized, wideband, circularly polarized spiral
antenna optimized for operation in the sub-1 GHz frequency range. The antenna is conceived on a Rogers
RT-5880 substrate, renowned for its excellent electromagnetic properties, and has compact dimensions of
16.5 x 12 x 0.59 mm?, corresponding to 0.024 x 0.017 x 0.00085 A* at 0.433 GHz. Its compact size allows
for easy integration into embedded systems. Modeling and performance analysis were performed using the
CST Studio Suite electromagnetic simulation software. The results obtained confirm the effectiveness of
the proposed design for low-power 10T, mobile and wireless applications.

1 Introduction

Miniaturization is one of the preferred solutions for
compact devices intended for IoT applications [1,2].
However, a major challenge remains at low operating
frequencies, where antenna size is inversely
proportional to frequency [3,4]. Miniaturization has
therefore become an essential approach to overcome
this constraint.

Various miniaturization techniques have been studied,
including meander lines [5-8], fractal structures [9,10],
and spiral antennas [11,12]. In this work, the spiral
antenna is selected as the preferred approach due to its
ability to achieve both compact size and circular
polarization. A circular polarization offers two key
advantages, it reduces signal degradation caused by
multipath propagation, and it makes the signal less
sensitive to the relative orientation between the
transmitting and receiving antennas [13]. The design of
spiral antennas is based on a helical structure of the
radiating element, which effectively increases the
electrical length within a compact physical area. This
enables operation at lower frequencies without
increasing the antenna size, resulting in a reduced
resonant frequency while maintaining compact
dimensions and satisfactory radiation performance.
Such a configuration optimizes the use of limited
physical space, making it particularly suitable for sub-1
GHz IoT applications and other scenarios where
miniaturization and compactness are critical constraints
[10,14].

This study focuses on the design of a miniaturized,
wideband spiral antenna with circular polarization,
intended for operation in the sub-1 GHz frequency
range. The antenna is conceived on a Rogers RT-5880
substrate, renowned for its excellent electromagnetic
properties, and boasts compact dimensions of 16.5 x 12

x 0.59 mm?, corresponding to 0.024 x 0.017 x 0.00085
A at 0.433 GHz. Thanks to its compact size and
circular polarization, this antenna is well-suited for
easy integration into embedded systems and wireless
applications requiring insensitivity to orientation.
Modeling and performance analysis were performed
using the CST Studio Suite electromagnetic simulation
software.

2 Proposed antenna geometry

Fig.1. Proposed antenna structure.
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This antenna was designed on a 0.59 mm thick Rogers

RT5880 substrate, with a dielectric constant of 2.2 and Figure 2 illustrates the simulation results of the
a loss tangent of 0.0009. The antenna design and reflection coefficient S11, highlighting significant
simulation were performed using the CST Microwave differences between the three configurations in terms
Studio electromagnetic modeling software. of both impedance matching and frequency bandwidth.
The proposed antenna structure is illustrated in Figure The target frequency range is 0 to 1 GHz. Case 1 and
1. It consists of a helical line-shaped radiating element Case 2 exhibit a frequency bandwidth less than or
fed by a microstrip line. A ground plane, located on the equal to 0.5 GHz, which limits their effectiveness over
same face as the feed line, covers only the area the full targeted range. Moreover, Case 1 shows
adjacent to it. Thus, the antenna has a coplanar excellent matching at low frequencies but a response
configuration. The optimized dimensions of the that varies significantly with frequency, reducing the
structure are summarized in Table 1. uniformity of its performance. Case 2 improves the

matching locally but remains constrained by a narrow
bandwidth and pronounced variations in S11. In
contrast, Case 3 stands out with a more stable and
uniform response, showing smaller variations in the
reflection coefficient across the entire 0—1 GHz range.
W L Wg | Lg | D1 | D2 D3 D4 This consistency results in a wider and more
exploitable bandwidth, along with more effective
overall matching. Therefore, Case 3 offers the best
12 | 165 | 4.25 5 11 9.5 8 6.5 compromise between bandwidth and performance
stability, confirming its effectiveness for sub-1 GHz
wideband applications.

Table 1. optimized dimensions of the proposed antenna (in
mm).

D5 D6 a b [ d g La

Figure 3 shows the variation of the antenna's reflection

Case 1 Case 2 Case 3 coefficient Si: as a function of frequency over the 0—1
GHz band. It can be observed that the value of Su
remains below —10 dB over a wide frequency range,
indicating good impedance matching over the
operating band. These results confirm that the proposed
antenna exhibits broadband behavior with satisfactory
impedance matching, making it suitable for broadband
applications.

Figure 4 illustrates the variation of the antenna's axial
ratio as a function of frequency over the 0-1 GHz
band. It is observed that the axial ratio remains below 3
dB over a wide frequency range, approximately from

3 Results and discussion

S11 (dB)
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Fig. 3. Antenna reflection coefficient Si1 as a function of
frequency.

-60 case 1 case 2 case 3 0.3 GHz to 1 GHz, confirming satisfactory circular
polarization within this broad band. These results
-70 demonstrate that the proposed antenna offers a wide
0 02040608 1 12 14 16 1,8 2 circular polarization bandwidth, making it suitable for
Frequency (GHz) applications requiring insensitivity to orientation and

multipath effects.

The radiation characteristics of the proposed
miniaturized spiral antenna were analyzed at 0.433
GHz, 0.868 GHz, and 0.915 GHz, as illustrated in
Fig. 2. Simulation results of the reflection coefficient S;; for Figure 5 corresponding to the front and side views,
the three antenna configurations. respectively. The results show that the antenna
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maintains very similar radiation behavior across the
three frequencies, indicating stable performance over
the targeted sub-1 GHz band. In all cases, the radiation
pattern exhibits a broad main lobe directed along the
axis normal to the antenna plane, which is
characteristic of axial-mode radiation in spiral
structures. Moreover, the patterns demonstrate a high
degree of angular symmetry and weak dependence on
the azimuth angle, resulting in quasi-omnidirectional
radiation in the horizontal plane. Only minor variations
in lobe shape and field distribution are observed with
increasing frequency, which can be attributed to the
change in the electrical size of the antenna. These
results confirm that the proposed miniaturized spiral
antenna provides consistent radiation characteristics
and is well-suited for sub-GHz IoT and wireless
communication applications requiring stable and wide-
area coverage.

The comparison presented in Table 2 shows that the
proposed antenna achieves significant miniaturization,
with an electrical size of 0.024A x 0.017A2, making it
one of the most compact designs among the reported
works. It also provides a wide impedance bandwidth of
107.7%, which is considerably higher than that of most
existing antennas in the literature. Unlike many
compared designs, which typically report unspecified
polarization, the proposed antenna exhibits circular
polarization, improving robustness against polarization
mismatch and multipath effects, which is particularly
beneficial for IoT applications. Moreover, while
several reported antennas operate at higher frequencies
or over narrower bands, the proposed design efficiently
covers the sub-1 GHz range (0.3—-1 GHz), making it
well suited for long-range IoT communications.
Overall, the results confirm that the proposed spiral
antenna offers an effective trade-off between
miniaturization, wide bandwidth, and circular
polarization.
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Fig. 4. Axial ratio of the antenna as a function of frequency.

4 Conclusion

This study presented the design and analysis of a
miniaturized, broadband, circularly polarized spiral
antenna for sub-1 GHz wireless applications.
Simulation results show good impedance matching (S;;
< -10 dB), an axial ratio below 3 dB over a wide
frequency band, and a stable axial radiation pattern
characterized by a broad main lobe, high angular
symmetry, and quasi-omnidirectional coverage in the

horizontal plane, as confirmed by the radiation pattern
diagrams. Only minor variations in lobe shape and
field distribution are observed with increasing
frequency, demonstrating the antenna’s robust
performance across the sub-1 GHz band. These
combined results confirm the suitability of the
proposed antenna for wireless applications requiring
compactness, broad bandwidth, circular polarization,
and stable radiation characteristics, making it
particularly well-suited for IoT and other sub-GHz
communication systems.
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Fig. 5. 3D Radiation patterns of the proposed miniaturized
spiral antenna at 0.433 GHz (a), 0.868 GHz (b), and 0.915
GHz (c), (1) front view, (2) side view.
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Table 2. Comparison of the performance of the proposed antenna with available literature
Ref. Years Size ( A7) Substrat | Ant. Type | Frequenc | BW polarization Application
e y (GHz) (%) type
Material
[15] 2022 0.18x0.13 RO4350 slot 0.758— 30.80 Not mentioned IoT
1.034 Application
$
[16] 2023 0.023x 0.012 FR-4 FDPA 0.434 1.38 Not mentioned biomedical
applications
[17] 2025 0.093x0.093 Rogers slot 0.6-0.89 38.93 Not mentioned vehicular
RT communicat
5.67-62 | 8.93 ion
5880
[18] 2025 0.22%0.24 FR-4 slot 3.5 11.4 Not mentioned 5G
applications
4.9 4.5
[6] 2026 0.08%0.16 Rogers Meander 2.5 12.8 Not mentioned IoT
RT-5880 Application
4.7 74 s
This work | ------- 0.024 x 0.017 Rogers spiral 0.3-1 107.7 Circular IoT
RT-5880 polarization Application
$
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