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Abstract—this paper introduces a novel low profile microstrip bandpass DGS filter for blocking undesired resonant frequencies when higher modes are excited. The proposed filter is combined with a microstrip inset-fed rectangular patch antenna. The higher modes are excited for implementation of DGS band pass filter harmonic rejection. This filtenna structure performs as the  combination of a low profile BPF and an antenna.The bandwidth of proposed filter varies from 150 MHz to 4.5 GHz according to whether a single mode or several modes are selected which could be adjusted by changing the series capacitance in the ground plate. This DGS filter uses FR4 epoxy as substrate (with dielectric constant=4.3, tangent loss=0.025, thickness of 63 mil). The BPF reaches to 90% efficiency in insertion loss and 20dB/GHz attenuation rate for the transition band region. In addition, the proposed BPF has a compact size of 10mm*14mm for notch filter and 10mm*10mm for ultra-wide-band (UWB) antenna with input impedance of 50[image: image2.png]
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Index Terms — Microstrip antenna, Band-pass filter, Defected ground surface (DGS), Ultra wide band (UWB), Filtenna (filter-antenna)
Introduction 

Recently interest in the wide-band-width performance of electronic devices and communication systems has increased. The Wide-band-width characteristics makes it possible for several transmitters in a communication system to share the same antenna which decreases the whole size of the electronic device and also the cost of system. The UWB system is used for short distances and high bandwidth applications, such as personal area network (PAN), radar and imaging systems [1].These systems provide high data rate transmission with low transmitting power [8]. The DGS in the microstrip line uses slots or defects on the ground plane and provides a band-rejection characteristics due to the resonance property [6]. 
Several techniques have been reported to achieve an ultra-wide-band filter, such as the use of coplanar wave guide [2], [3], hybrid microstrip structures [5] and CPW structures [7]. These filters can be optimized to reach the best attenuation rate with good insertion loss, but all of them suffer from large sizes affecting the radiation pattern as well as reflection coefficient of antenna. DGS filters having low profile and also high attenuation in the stop-band region could be a good alternative to these conventional filters.
Microstrip antennas have several propagation modes which are normally far from each other. At high frequencies without reducing the antenna size for obtaining high gain, it is proposed to excite higher modes [11]. The excitation of higher modes yields multiple bands at the lower frequencies, but good band pass filters with high stop-band attenuation should be utilized in the feeding part of microstrip antenna to select the desired frequency.

In this paper a combination of low profile DGS filter and a microstrip patch antenna is proposed as a filtenna, which doesn’t affect its radiation pattern and reflection coefficient.  

I. proposed BPF filter

A. BPF Type

The band-pass filter used in this paper is a cascade connection of two H-shape defected surface on the ground plate as well as defects on the microstrip structure, commonly called defected microstrip structure (DMS). The DMS consists of slots on the patch, which may be modeled series and parallel capacitances.  The geometry of the proposed UWB BPF using DGS and DMS is shown in Fig.1. Figs. 1(a) and (b) show its top and bottom views.
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Fig. 1. Geometry of the proposed UWB BPF
B. DGS and DMS Equivalent circuits

The equivalent circuits of slots on a microstrip patch or ground plate have been studied in [3]. The electrical performance of vertical or horizontal slots can be modeled by an LC resonant circuit which can be extracted from computer simulations [3],[10]. The inductance and capacitance values mat be computed by the following formulas:
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Where fc is the cut-off frequency, fo is the resonant frequency and zo is the characteristic impedance. Fig.2 shows the equivalent circuit of proposed DGS and DMS.
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Fig. 2. Equivalent circuit of (a) DMS (b) DGS

The slots on DGS and DMS result in electrically long paths for the surface current, so the ohmic losses may not be negligible for the precise filter synthesis [13]. These losses could be modeled with a resistor in parallel with the equivalent LC circuit. The equivalent resistances could be extracted directly from simulation results or scattering parameters [4], [9].
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II. simulation result

Fig.1 is the configuration of a proposed DGS and DMS connected to a 50 [image: image14.png]


 feed line. The resonant frequency of reflection coefficient is inversely proportional to the equivalent capacitance. The variation of g3 in Fig.1 (b) results in the variation of C5 in Fig. 2(b).  Since C5 is directly proportional to the equivalent capacitance, increasing g3 results in decreasing the resonant frequency of reflection coefficient. Fig. 3 shows the reflection coefficient in dB for various values of g3, from g3=4 mm to g3=6.8 mm.  
The simulation results show that when the value of g3 decreases, the second pole of BPF starts to resonance. The UWB performance could be achieved when these two poles are near each other and resonate efficiently.
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Fig.3 .Simulated transfer characteristics of the DGS
Fig. 4 shows the reflection and insertion coefficients of the UWB filter with 4.5 GHz bandwidth for insertion loss better than 5 dB.
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Fig. 4. Transfer characteristic of UWB filter
Table. 1 shows the Q factor and bandwidth of BPF for various configurations.

	g3
	Resonant frequency(GHz)
	Bandwidth 3dB

(MHz)
	Q factor

	2.7
	3.55
	440
	8.05

	4.45
	2.9
	331
	8.6

	6
	2.45
	272
	9.2


Table. 1. The CALCULATED Q FACTORS AND BANDWIDTH VARIATION by SLOT LENGTH (g3) (g1=4mm   g2=2mm   g4=0.3 mm)

III. validation of proposed filter

The microstrip antennas inherently have infinite propagation modes, but far from each other. For the communication system designs requiring high gain antennas without utilizing large antenna sizes, higher modes of microstrip antennas are utilized. The excitation of antenna higher modes would result in multiple bands in the reflection coefficient at lower frequencies. A low profile and highly sharp narrow-band filter is desired for the selection of single mode and a UWB filter is required for the selection of several modes. The proposed DGS filter has this feature, which could be utilized in the antenna feed system. The result is a filtenna, which resonates at desired frequency. 

For the proof of the proposed concept, a microstrip patch antenna operating at 2.45 GHz is excited to operate at higher modes by a rectangular slot. Figs. 5(a) and (b) show the microstrip antenna without the filter and with the combination of filter and antenna, respectively. As shown in Fig. 6, the second mode resonates at 3.9 GHz. The DGS filter is designed to operate at 3.9 GHz. Fig. 7 shows the simulation results and measured data of reflection coefficient of DGS filter and filtenna.
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Fig. 5. Rectangular patch antenna. (a) Without filter (b) with filter
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Fig. 6 Reflection coefficient of patch antenna
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Fig. 7. Reflection coefficients. (a) DGS filter; (b) filtenna.

[image: image22.png]I ———





[image: image23.png]



Fig. 8.Photographs of fabricated filtenna. 
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Fig. 9.Photographs of fabricated BPF
IV. conclusion

In this paper a novel low profile DGS band-pass filter is proposed for the selection of a desired frequency and also a UWB filter is proposed for the selection of a set of frequencies. The connection of the low profile filters to the microstrip antenna prevents the distortion of the antenna radiation pattern. For the effective reduction of reflection coefficients at the higher antenna modes of the proposed combined DGS filter and microstrip antenna, prototype antennas are fabricated and measured. It is shown that the total selectivity of the proposed system is high at the desired design frequency without causing any distortion of their radiation properties.​​​​​​
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