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ABSTRACT: In this paper, a dual-band rectangular CPW folded slot antenna is studied for the Global Navigation
Satellite Systems (GNSS) applications. The antenna operates for all the bands of the GNSS Systems (L1-L2-L5-E5-E6-
G1-G2) and its maximum gain varies between 0.2dB and 2.9dB in the band of 1200-1800MHz.The antenna is
simulated with “FEKO 6.3”, manufactured and measured with “FeedBack Antenna Lab 52-200".
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I.LINTRODUCTION

With the deployment of several GNSS such as GPS, GLONASS and GALILEO, and with the growing need to develop
systems capable of receiving signals from any GNSS, it is necessary to design a compact antenna operating in all
frequency bands for at least the three major systems: GPS, GALILEO and GLONASS.

As shown in Figl, the GPS satellites transmit signals using three different bands centred on the frequencies:
L1:1575.42 MHz , L2: 1 227,60 MHz, L5: 1 176,45 MHz.

The GALILEO satellites transmit signals using three different bands centred on the frequencies:

L1:1575.42 MHz , E6: 1 278.75 MHz , E5: 1 191.79 MHz

And the GLONASS satellites transmit signals using two different bands centred on the frequencies:

G1: 1248 MHz, G2: 1 600 MHz [1]-[3].

One of the ways to design a broadband and multiband antenna is to set-up slots on the radiation elements [4], [5].

In this paper, a novel dual-band rectangular CPW folded slot antenna is presented. This antenna is designed for
operating in all the bands of the three GNSS Systems GPS, GALILEO and GLONASS. Also the antenna is simulated
by “FEKO 6.3 [6], manufactured and measured by “Feedback Antenna Lab 52-200”.
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Fig.1 the frequencies bands used for the GNSS systems

Il. LITEARTURE SURVEY

With the proliferation and miniaturization of telecommunications systems and their integration in restricted
environments, such as Smart-phones, tablets, cars, airplanes, and other embedded systems. The design of compact
multi-bands and Ultra Wide Band (UWB) antennas becomes a necessity. For designing this kind of antennas, several
techniques are used such as using fractal geometries or adding slots to the radiating elements [7]-[10].
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I1l. ANTENNA GEOMETRY

The geometry of the proposed antenna is shown in fig2. The antenna is printed on a FR4 dielectric substrate of relative
permittivity €, = 4.3, thickness H=1.6mm, loss tangent = 0.025 and fed by a 50Q CPW transmission line with a signal
strip width W¢ and a gap distance G between the signal strip and the ground plane. Several studies have used this mode
of feeding because it’s one of the techniques to increase the Bandwidth of the antenna [10]-[14].

Fig. 2 Geometry of the proposed antenna

The parameters of the antenna are: W=60mm, W;=50mm, Wy,=42mm, L=60mm, Ls;=50mm, L;,=36mm, G=0.5mm,
Ws=1.5mm, D=3mm, L;=1mm and H=1.6mm.

IV. DESIGN OF THE ANTENNA
A. The patch antenna
It is very important for the simulation by FEKO to estimate the resonant frequency to have an idea about the
dimensions of the patch antenna.
Based on the TLM (Transmission Line Model), the resonant frequency (Fs) of the patch antenna is approximated by
the equation (1)[15]

With: ¢ =3.10°ms™
g the relative permittivity of the dielectric
W: the width of the patch
For example, if f.s=2.2GHz and ¢, = 4.3, the width of the patch is 42mm.
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Using the FEKO software to design a patch antenna with the following parameters: W=42mm, L=36mm, and

H=1.6mm (Fig.3)

The Sy; characteristic of the simulated structure is depicted in Figd. From the results, it is evident that the antenna
operates at the frequency 1849MHz whose S;;= -11.46dB with a bandwidth (-10 dB) of 38 MHz. We observe that this
value is different for the resonant frequency given by the TLM model because the FEKO software is based on a full
wave method: the Method of the Moment (MoM). The full wave methods like the MoM, the Finite Integral Technique

(FIT), and Finite Element Method (FEM) are more accurate compared to the TLM method[7] [12]

— SParameter! |S11]

S-parameters [dB]
o

(1849261, -1 468458

Y 12 14 16 18 20 22 24
Frequeney [GHz]

Fig. 4 Simulated Sy, versus frequency graph of the patch antenna.

B. Feeding methods of the patch antenna

There are many configurations that can be used to feed a patch antenna. In this section we compare the effect of three
feeding methods: coaxial probe (Fig.5 - casel), Microstrip line with the ground plane in the reverse face of the patch

(Fig.5 — case2), and Microstrip line with the ground plane in the same face of the patch (Fig.5 — case3).
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Fig. 5 the different feeding methods
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We note that for the case 3 (Fig.6) the resonant frequency is lower than for the case 1 and 2. This is an important
advantage to design a miniaturized antenna without increasing its volume and surface. We note also that the bandwidth
is larger than those of case 1 and case 2.
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Fig. 6 Simulated Sy; versus frequency of the three cases of the patch antenna

C. The choice of H1

To generate multi-resonance antenna, we setup a slot on the patch antenna as shown in fig.2. The H1 parameter is the
position of this slot.

We will vary the H1 parameter from 2 to 5mm with step of 1mm. we obtain the result shown in (Fig.7). We can
consider that the H1=2mm is the most appropriate for the GNSS applications; the tablel shows the detail of the result.
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Fig. 7 Parametric Simulated Sy; versus frequency of the antenna
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Table 1: the bands covered by the antenna for different values of H1

H1 | Bandwidth Bands Systems
2 1170 - L5/E5/L2/E6/G1 GPS(L1/L2/L5)
1280 | 0 - GALILEO(L1/E6/E5)
----- L1/G2 GLONASS(G1/G2)
1450-1710
3 1165 - L5/E5/L2/E6/G1 GPS(L1/L2/L5)
1285 | - GALILEO(L1/E6/ES)
----- L1/G2 GLONASS(G1/G2)
1420-1700
4 1197 - L2/E6/G1 GPS(L1/L2)
1296 | - GALILEO(L1/ES6)
----- L1/G2 GLONASS(G1/G2)
1400-1680
5 1226 - L2/E6/G1/L1/G2 GPS(L1/L2)
1661 GALILEO(L1/ES6)
GLONASS(G1/G2)

We note that for H1=2mm and H1=3mm the antenna operates for all the bands of all the GNSS Systems.

V. RESULTS AND DISCUSSION

First we simulated the patch antenna with and without the slot. The figure (Fig8) shows that the set up of the slot

provides a new resonance frequency.

‘ — Withoutthe slot —— with the slot |

_sf\qm%m\
Tl

-

20

VoltageSource1]|S11|indB [dB]
=
—

.

-30

1.1 1.2

13 14 15
Frequency[Hz] [1e+09]

16 1.7 18

Fig .8 Simulated Sy; versus frequency of the antennas (with/without the slot)

After that, we manufactured the antenna on a PCB (Printed Circuit Board) and we measured the Sy; of the slotted patch
antenna with the Feedback Antenna Lab 57-200, which can measure the S;; parameter in the band of 1200-1800MHz.

We note that the measured and simulated Sy; of the antenna are nearly the same, even if we observe that there is a small
instability in the measured S;; due to the measurement environment (fig9).
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Fig. 9 Simulated and measured S;; versus frequency of the antenna with the slot

Also, the simulated maximum total gain of the antenna varies between 0.2dB and 2.9dB in the band of 1200-1800MHz
(Figl10).
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Fig.10 Simulated maximum gain versus the frequency of the antenna with the slot

We observe also that the simulated 3D total gain of the antenna is bi-directional (Fig11)
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Fig.11 Simulated 3D gain of the antenna with the slot for the frequency (L1:1575MHz)
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VI. CONCLUSION

A dual-band rectangular CPW folded slot antenna is simulated with “FEKO 6.3” and measured by “FeedBack Antenna
Lab 52-200”.

The antenna operates for all the bands of the GNSS Systems (L1-L2-L5-E5-E6-G1-G2) and its maximum gain varies
between 0.2dB and 2.9dB in the band of 1200-1800MHz.

Also, further refinement can be done to improve the gain and to miniaturize the antenna.
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