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Abstract— With the rapid development of navigation satellite systems, China is accelerating
the pace of development of its own Compass Navigation Satellite System (CNSS for short). In
CNSS system, miniaturized antennas are more attractive. However, conventional CNSS antennas
work at low operation frequency (L band, 1.616+5 MHz and S Band, 249245 MHz) which lead to
large scale by using low-permittivity ceramic substrate. Consequently, in this paper, we present
two miniaturized CNSS microstrip antennas based on high-permittivity (g, = 16) ceramic sub-
strate. One is corner-cut-patch structure, and the other is two-pair-slot-patch structure. They
work at S Band (2492 + 5 MHz, right-handed circular polarization, RHCP) to receive position
information. An experiment was carried out to verify our design. For corner-cut structure, nu-
merical results show that impedance bandwidth (S1; < —10dB), 3dB axial ratio bandwidth and
gain are about 62 MHz, 15 MHz, and 3.48 dB, and measured results shows that impedance band-
width (S11 < —10dB) and 3dB axial ratio bandwidth are about 66 MHz, 12 MHz, respectively.
Meanwhile, for slot structure, numerical results show that impedance bandwidth (S1; < —10dB),
3dB axial ratio bandwidth and gain are about 94 MHz, 23 MHz, and 3.96 dB, and measured re-
sults shows that impedance bandwidth (S;; < —10dB) is about 132 MHz and 3dB axial ratio
bandwidth is much larger than 22 MHz, respectively. Obviously, the characteristics of slot-patch
structure are better than the characteristics of corner-cut structure. Measured results fit well
with the simulation results. The two antennas can fully meet the requirement of CNSS. Mean-
while, comparing with the conventional low-permittivity substrate antennas, the two antennas
remain their well performances with a reduced size by 75% to 80%. Such advantages make it
proper to practical applications.

1. INTRODUCTION

Microstrip patch antennas (MPAs) has been widely used in modern communication and weapon
systems for their irreplaceable advantages such as low profile, light weight, and easily to be im-
plemented and integrated characteristics [1-3]. With the rapid development of Chinese Compass
Navigation Satellite system (CNSS for short), the demand for CNSS terminal microstrip anten-
nas is quite urgent [4-6]. In CNSS system, antennas work at low operation frequency (L band,
1.616 = 5MHz and S Band, 2492 + 5MHz) which lead to large scale by using low-permittivity
substrate. The reason is shown in equation L = ¢/2f,/e,, where L is the size of the square radi-
ation patch, ¢ is the velocity of light, f is the central frequency of the antenna, &, is the relative
permittivity of the substrate. It is obviously that using high-permittivity substrate is an effective
way to achieve minimized antennas.

In communication systems, circularly polarized antennas are more attractive. Linear polar-
ized antenna can only receive part or none of the signal, which significantly lowers the antenna’s
efficiency. The common methods to achieve a circularly polarized microstrip patch antenna are
to truncate corners or slots on the radiation patches [7,8]. In this paper, two miniaturized CNSS
microstrip patch antennas are present. One is corner-cut-patch structure, and the other is two-pair-
slot-patch structure. By using high-permittivity ceramic (e, = 16) as the substrate, the antennas
keep their performances with a reduced size by 75% to 80% comparing with the conventional ones
using low-permittivity substrate. The proposed antennas and results are presented and discussed
as follows. In Section 2, the geometries of the proposed antennas are presented. Simulated and
measured results including S11, axial ratio and radiation pattern are given in Section 3. Conclusion
is provided in Section 4.

2. ANTENNA DESIGN

The geometry of the corner-cut-patch structure antenna at S band is shown in Figure 1. A low-
cost substrate with ¢, = 16, tand = 0.001 and h = 4mm was chosen. A parametric study was
carried out using High Frequency Structure Simulator (HFSS) to achieve optimal performances,
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Figure 1: The geometry of the corner-cut-patch  Figure 2: The geometry of the two-pair-slot-patch
structure antenna. (a) The designed antenna. (b)  structure antenna. (a) The designed antenna. (b)
The fabricated antenna. The fabricated antenna.

and the geometric dimensions of the proposed antenna are as follows: ¢ = 25 mm, b = 12.85 mm,
c=1.15mm, d = 1.6 mm.

The geometry of the two-pair-slot-patch structure antenna at S band is shown in Figure 2. It
is composed of two pairs of slots, and the slots are etched on the patches to realize right handed
circularly polarizations (RHCP) or left handed circularly polarizations (LHCP) states. Such differ-
ences lie on the length ratio of the slot in z- and y-directions. A low-cost substrate with &, = 16,
tand = 0.001 and A = 4 mm was chosen. By the optimization, the geometric dimensions of the pro-
posed antenna are as follows: a = 30mm, b = 12.12mm, L; = 3.4mm, Ly = 2.28 mm, w = 0.3 mm,
d = 1.4mm.

3. SIMULATED AND MEASURED RESULTS

We used the full wave simulation software High Frequency Structure Simulator (HFSS) version 12.0
to calculate its performances, and use Vector Network Analyzer (VNA) to measure its performance.
The reflection coefficient is closely related to the transmission coefficient. Meanwhile, in general,
when the axial ratio is lower than 3dB, we can consider that this antenna achieved excellent
circularly polarized performance.

Figure 3 shows the simulated and measured S;; and Axial Ratio (AR) results of the corner-
cut-patch structure antenna, the real line is the simulated results curve and the dashed line is the
measured results curve. From Figure 3, we can see that the simulated and measured impedance
bandwidth (S1; < —10dB) are 62 MHz and 66 MHz, the simulated and measured 3 dB axial ratio
bandwidth are 15 MHz and 12 MHz.

simulated

P I N measured

Axial Ratio/dB
+

— simulated
50 ---- measured 15
T T T T T O T T T T T T T
2.35 2.40 2.45 2.50 2.55 2.60 2.65 2.470 2.475 2.480 2.485 2.490 2.495 2.500 2.505 2.510
frequency/GHz Frequency/GHz
(a) (b)

Figure 3: The simulated and measured S7; and Axial Ratio (AR) results of the corner-cut-patch structure
antenna. (a) The S11. (b) The Axial Ratio (AR).
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Figure 4 shows the simulated and measured normalized radiation pattern at 2.492 GHz, the real
line is the simulated results curve and the dashed line is the measured results curve. Due to the
lack of normative horn antennas at S band, it is difficult for us to measure the gain of this antenna.
The simulated gain at S band is 3.48 dB.

Figure 5 shows the simulated and measured S;; and Axial Ratio (AR) results of the two-pair-
slot-patch structure antenna, the real line is the simulated results curve and the dashed line is the
measured results curve. The simulated and measured impedance bandwidth (S1; < —10dB) are
94 MHz and 132 MHz, the simulated and measured 3dB axial ratio bandwidth are 23 MHz and
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Figure 4: The simulated and measured normalized radiation pattern at 2.492 GHz.
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Figure 5: The simulated and measured S1; and Axial Ratio (AR) results of the two-pair-slot-patch structure
antenna. (a) The S11. (b) The Axial Ratio (AR).
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Figure 6: The simulated and measured normalized radiation pattern at 2.492 GHz.
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larger than 22 MHz.

Figure 6 shows the simulated and measured normalized radiation pattern at 2.492 GHz, the real
line is the simulated results curve and the dashed line is the measured results curve. The simulated
gain is 3.96 dB.

4. CONCLUSION

In this paper, we present two minimized RHCP microstrip antennas at S band for CNSS. The
measured results agree well with the simulated ones. Meanwhile, the characteristics of slot-patch
structure are better than the characteristics of corner-cut structure. Comparing with the con-
ventional low-permittivity substrate antennas, the two antennas remain well performances with a
reduced size by 75% to 80%. Such advantages make it proper to practical applications.
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