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Abstract

This paper presents the design of a broadband miniaturized
microstrip array antenna with circular polarization for anti-
GPS applications, featuring a single-port configuration. The
design process begins with the development of a broadband
antenna element optimized for increased bandwidth, suitable
gain, and circular polarization. A 1-to-4 power divider with 90-
degree phase progression at its outputs is then integrated,
feeding four antenna elements rotated 90 degrees relative to
each other, forming a 2x2 array. The inter-element spacing is
specifically designed to produce radiation pattern nulls at £90°,
enhancing resilience against GPS jammers. Full-wave
simulation results for the complete antenna system are
presented and analyzed. This antenna is particularly suitable
for integration in drones that rely on GPS for positioning,
offering improved anti-jamming capability while maintaining

compact form and circular polarization characteristics.
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Highlights

e  Miniaturized microstrip array antenna.
e  Circularly polarized microstrip array antenna.
e  The designed antenna is used in anti-GPS systems and has a single port.
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1. Introduction

Microstrip array antennas offer significant advantages for airborne transmitters and receivers due to their
lightweight construction, manufacturing simplicity, and cost-effectiveness. Single-feed circularly polarized
patch arrays are particularly advantageous as they connect to a single feed network, eliminating the need for
additional circuitry that increases overall dimensions in dual-feed configurations—a factor that can compromise
frequency performance through elevated sidelobe levels. Conventional implementations typically suffer from
narrow bandwidth (<1%).

Among prevalent single-feed circular polarization techniques—including slotted patches, truncated-corner
patches, and diagonally-fed square patches—this work employs a square patch with two truncated corners fed
directly via an SMA connector. To enhance bandwidth, the patch height is increased, and electromagnetic
coupling is utilized for SMA feeding. Cost optimization is achieved through FR-4 substrate selection for the
radiating structure.

A custom 1-to-4 feed network, detailed in the design section, interconnects four antenna elements. This network
is fabricated on Rogers 4003 substrate to minimize feed losses. Full-wave simulation via Ansoft HFSS
demonstrates satisfactory antenna performance across an 8-11% bandwidth, meeting typical wireless
communication requirements while maintaining radiation pattern integrity and polarization characteristics.

2. Array design (2*2)

In this section, a circularly polarized single-element antenna is initially designed. Subsequently, a feed network
with appropriate impedance matching and 90-degree phase progression is developed to enable sequential
rotation, achieving an axial ratio below 3 dB. Finally, the integrated system performance is evaluated by
connecting four antenna elements to the output ports of the power divider, with comprehensive results presented
and analyzed.

2-1. Circularly polarized antenna

In this section, the design of a single-element circularly polarized antenna is presented. As illustrated in Figure I,
the antenna is fed directly by an SMA connector. Circular polarization is achieved by truncating two opposite
corners of the patch. To obtain sufficient impedance bandwidth, a substrate height of 42.9 mm is selected. For
cost efficiency, FR-4 material is chosen as the substrate dielectric. Since a 42.9 mm thick substrate is not
commercially available as a standard product, this thickness is realized by stacking six individual FR-4 layers,
each with a thickness of 1.575 mm.
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Figure 1. Single patch antenna with circular polarization

Due to the feeding configuration and the strategic placement of corner truncations, this antenna exhibits Right-
Hand Circular Polarization (RHCP). Consequently, the RHCP radiation pattern represents the co-polarization
component, while the Left-Hand Circular Polarization (LHCP) pattern corresponds to cross-polarization. The
gain of the single antenna element measures 2.5 dB, a result of employing a substrate with a relatively high
dielectric constant (g = 4.4) and the resulting compact patch dimensions compared to conventional designs. The
cross-polarization level remains below -20 dB, indicating excellent polarization purity suitable for circularly
polarized antenna applications.

2-2. Feed network 1 to 4
To form an array using the antenna element described in Section 2-1 and enhance overall gain, a 1-to-4 feed
network is implemented, as illustrated in Figure II. To improve the axial ratio (AR) bandwidth, the four antenna
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elements are rotated 90 degrees relative to each other and fed with sequential 90-degree phase shifts—a
technique known as the sequential rotation method.

Given the relatively long feed network path, a low-loss Rogers 4003 substrate (thickness: 1.575 mm) is used to
minimize losses. The input impedance of each single element is 50 ohms. By connecting two elements in
parallel, the resulting impedance becomes 25 ohms. A quarter-wavelength impedance transformer (length Ls) is
then used to match this 25-ohm impedance to 100 ohms. Finally, two parallel 100-ohm branches are combined
into the main 50-ohm feed line.

The length variations within the feed network produce the required 90-degree phase progression for sequential
rotation, thereby enhancing the AR bandwidth of the array.
Input port
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Figure 1. 1 to 4 feed network for use in circularly polarized antenna arrays

2-3.2*2 Array Antenna
Figure III illustrates the 2x2 array antenna configuration, demonstrating the 90-degree rotational arrangement

between adjacent elements. A significant advantage of this design is its integrated feed network excitation.

The antenna exhibits a critical performance characteristic: it maintains a sidelobe level below -25 dB against
jamming signals and noise sources originating at the horizon level. This radiation pattern property makes the
proposed design particularly suitable for anti-GPS applications where interference suppression is essential. The
combination of sequential rotation feeding and optimized array spacing creates this desirable pattern
nullification in the horizontal plane.

Input port

ﬁogerss 4003 OND

Figure III. 2*2 array antenna with sequential rotation

3. Conclusions

A circularly polarized patch array antenna has been proposed, exhibiting an axial ratio below 3 dB and a VSWR
under 2 across a 12% bandwidth. A key advantage of this design is its radiation pattern, which achieves a
received power level of less than -25 dB relative to the main lobe at angles beyond £80°. This characteristic
makes the antenna particularly suitable for anti-GPS applications, as it effectively suppresses interference
arriving from near-horizon directions. The antenna performance has been thoroughly validated through full-
wave electromagnetic analysis.
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Table 1. Dimensions of the proposed antenna in figure 1

Parameter Amount Parameter Amount
Wg 50mm We 29mm
Lg 50mm ye 4.8mm
Wp 39mm g 0.61mm
Lp 39mm h 9.42mm
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! Microstrip array
2 Slot patch
3 Circular polarization
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Figure 1. Single patch antenna with circular polarization
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Table 2. Dimensions of the proposed feed line in figure 5

Parameter Amount Parameter Amount
We Y/fmm L 18.9mm
Wio -/JAfmm L 4mm
L, FA/fmm Ly 12mm
L, vy/omm Ls 26.7mm
Ls YA/6mMm Lg 9.8mm
L, £Elymm
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