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Introductin

Nowadays in telecommunications, receiver systems have become portable and antennas are miniaturized, the use of printed antennas has become commonplace in radio systems [START_REF] Balanis | Antenna theory[END_REF][START_REF] Waterhouse | Microstrip Patch Antennas: A Designer's Guide[END_REF][START_REF] Jadhav | Bandwidth and gain improvement by using suspended Fractal MSA at 2.4 GHZ[END_REF].

The study presented in this article is part of a mini project to design a patch antenna. The use of an electromagnetic simulator (CADFEKO) makes it possible to apprehend laws of behavior without first having recourse to a mathematical formalism.

We also analysed the behavior of a circular slot designed bases of the modification on a rectangular patch antenna initially. The use of circular slot allows to dicrease the bandwidth and change the resonance frequency . The results are obtained using CADFEKO as a Method of Moments (MoM) Based Solver.
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The patch antenna geometry

The concept of printed antennas was proposed in 1953 by Deschamps but it was not possible to achieve them effectively until 1970 (HOWEL and MUSON) due to the lowloss dielectric. Since then, research in this field been improved so as to exploit optimaly the advantages of printed antennas [START_REF] Balanis | Antenna theory[END_REF].

An antenna with printed radiating elements, commonly called "patch antenna" is a MICRORUBAN line of particular shape. It consists of a ground plane and a dielectric substrate whose surface carries one or more metal elements.

The patch antenna can take many forms like rectangular, square, circular or simply a dipole. These shapes are the most common because they are very easy to analyze and manufacture, but also a very interesting radiation pattern [START_REF] Waterhouse | Microstrip Patch Antennas: A Designer's Guide[END_REF]. The used patch antenna parameters (Figure 2) are Ws=45mm as a substrate width, Wp= 28.52 mm is the width of the patch, Ls = 38.92 mm is the length of the substrate, Lp = 21.92 mm is the length of the patch, h=1.6 mm is the thickness of the substrate, and Wf = 2.8mm is the width of the supply line [START_REF] Moutaouakil | Effect Study of a Ring on the performances of a patch antenna[END_REF][START_REF] Sze | Slotted rectangular microstrip antenna for bandwidth enhancement[END_REF][START_REF] Siddiqui | Compact SRR loaded UWB circular monopole antenna with frequency notch characteristics[END_REF].

Figure 3 shows the variation of the reflection coefficient S11 at the input of the antenna as a function of the frequency in the bandwith [2.2-2.6] GHz. We notice an adaptation of -9.8 dB. 3

The patch antenna with a circular slot

The previous rectangular patch antenna (figure 2) will be modified based on the addition of a circular slot. The dimensions of the circular slot are Wfx = 3mm and Wfy = 5mm. The simulated S11 shows that by adding a circular slot to the patch antenna the resonance frequency increases and the bandwidth also increases (Figure 5 ). 

the radiation pattern

A radiation pattern or emission diagram is a graphical representation of the angular distribution of a quantity characterizing the radiation of a radio antenna, and, by extension, this distribution itself [START_REF] Balanis | Antenna theory[END_REF]. Figure 6 shows the radiation pattern of the simulated antennas. The simulation results analysis are discribed in Table 1. It is worthnoting: the weak circular dicreases the resonant frequency and the bandwidth, with respectively an adaptation of (-9.8 dB) and of (-8 dB). 

Conclusion

The idea to add a circular slot to a patch antenna has shown its efectiveness on the passing band, since as we have noticed an increase in the band, and the resonant frequency also increases, but the maximum gain decreases.

The use of slots is not the best way to improve the performance of an antenna, that is why most researchers go to other techniques such as fractal techniques. The fractal geometry is one of the best solutions to design broadband and multiband antennas.
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 1 Fig. 1. different shapes of the patches
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 3 Fig. 3. Reflection coefficient S11 of the rectangular patch antenna, as a function of frequency.
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 4 Fig.4. The geometry of the Simulated antenna (with slot)
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 5 Fig. 5. Reflection coefficient S11 of the modified antenna, as a function of frequency Figure 5 shows the variation of the reflection coefficient S11 at the input of the modified antenna as a function of the frequency in the bandwith [2.2-2.6] GHz, and we notice an adaptation of -8dB. The resonance frequencies when we add a slot dicrease.
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 6 Fig. 6. Radiation pattern of the Simulated antenna with slot (F=2.32GHz)
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 1 Summary of results.

	Antenna	Bandwidth (MHz)	Resonance fre-	Maximum gains in the res-
			quency (GHz)	onance frequency (dB)
	patch	(2.40-2.47GHz)	2.43	4.9
	modified an-	(2.29-2.33GHz)	2.31	6
	tenna