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Improvement of Compactness of Low Pass Filter Using New
Quasi-Yagi-DGS-Resonator and Multilayer-Technique

Ahmed Boutejdar® * and Wael Abd Ellatif?

Abstract—A novel 1.8 GHz compact microstrip low-pass filter (LPF) based on quasi-yagi defected
ground structure (DGS) and compensated capacitors is proposed in this paper. The filter has a very
sharp cut-off frequency response with low insertion loss and achieves a wide reject band with overall
20 dB attenuation from 2.8 GHz up to 10 GHz. The equivalent circuit model of Yagi-DGS-unit is derived
using AWR software, and the circuit parameters are extracted by using a simple circuit analysis method.
The advantage of this structure is that the reject band can be controlled by tuning the dimension of
Yagi-arms at higher frequency rang. The proposed 1.8 low-pass filter is designed using microwave
office electromagnetic software and fabricated on the RO4003 ceramic structure with dielectric constant
of 3.38. The compact filter occupies an area of (0.45)\; x 0.35)y) with Ay = 44mm. A comparison
between simulation and measurement results confirms the validity of the LPF configuration and design
procedure. In order to improve the compactness of the proposed LPF, a new multi-layer method has
been employed. Finally, a new minimized LPF-topology 50% more compact than the conventional is
realized.

1. INTRODUCTION

Newly, photonic structures, defected microstrip structures (DMSs) and defected ground structures
(DGSs) have gained much interest for their planar topology and easy and inexpensive fabrication with
photolithographic technique or printed-circuit board technology [1-5]. Periodic or non-periodic DGSs
show a good repressed reject band in some frequency, thus restrain spurious response by repressing
harmonic in the microwave circuits [6, 7]. The DGS unit can have a simple geometry (rectangle by Dai
et al.) or a complicated shape (fractal as by Boutejdar et al.) to improve the reject band of a low pass
filter [8,9]. Most DGS-structures are used to design and improve filters [10-12], patch antennas [13, 14],
branch line couplers [15], dividers [16] and improved efficiency of power amplifiers [17].

A defected ground structure technique is realized by etching a few defect patterns in the backside
metallic ground plane under the microstrip line [18-20]. This defect disturbs the shield current
distribution in the ground. This disturbance modifies the transmission line characteristics (increase
of effective inductance and capacitance) and achieves slow-wave effect and band-stop property. The
DGS is often composed of two wide etched areas, which are connected through a thin slot-channel, thus
the total structure corresponds to the equivalent parallel LC resonance circuit. In order to find the
approach equivalent circuit, two methods can be used:

1. Field distribution method.
2. Simulation-comparison method.
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The parameters of the derived approach DGS-circuit can be extracted from electromagnetic
simulation result which can be fit for the one-pole Butterworth-low-pass response.

Based on slow wave effect, the DGS technique is developed and used to suppress the undesirable
harmonics, thus to gain a lossless broad stopband and realize compact structures. However, to obtain
response with transmission losses in passband and large reject band in stopband using DGS technique,
the cascaded DGS method should be used. This leads to a larger size and loss in passband, which is
caused by undesired coupling between the resonators.

In this paper, based on our previous work about the rectangular DGS [21-25], rectangular DGS
with arms along the slot cannel so-called quasi-Yagi-DGS structure is used to control the coupling
between the cascaded resonators in order to improve the reject band, reduce the losses, increase the
sharpness of the transition domain, thus minimize the size of the investigated structure. A new very
compact low-pass topology is designed and optimized using multilayer technique. The measurements
show good agreement with the calculations. The proposed filter has been designed and experimentally
characterized to demonstrate usefulness of the proposed Yagi-DGS-idea. Such defected ground structure
filters are often required in many RF/microwave applications.

2. THE TOPOLOGY OF THE NEW DGS STRUCTURE AND ITS
CHARACTERISTICS

As shown in Fig. 1, the proposed quasi-Yagi DGS-unit consists of two rectangular heads, which are
connected through horizontal and vertical thin slot-channels (arms), in ground plane. The square-head
with an area of (a x b) presents the inductance, while the slots (g) between them present the capacitance.
As shown in Fig. 1, the proposed quasi-Yagi DGS-unit consists of two rectangular heads, which are
connected through horizontal and vertical thin slot-channels (arms), in ground plane. The square-head
with an area of (a x b) presents the inductance, while the slots with wide (g) and (e) between them
present the capacitances. Both vertical thin slot-channels are used to increase or decrease the total
capacitance of the Yagi topology and thus to control position of the transmission zero of the Sai-
scattering. This technique will be used to improve the compactness of the structure without increasing
the size of the proposed topology. The vertical and horizontal thin slot-channels are presented by
Cy and C},. Fig. 2 shows an approach lossless equivalent circuit, based on Tchebycheft’s m-network,
where Cg is the sum of capacitances in the ground and Lg the parallel inductance to C's. The parallel
capacitance Cp, between the microstrip feed and the metallic ground, describes the influence resulting
from the fringing field around the DGS unit. The resistance Rg presents the losses resulting from the
radiation and dielectric substrate. The circuit model is devised using microwave office simulator. The
equivalent circuit parameters can be calculated from the S-parameters based on the electromagnetic
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Figure 1. The 3D view square-head DGS of the  Figure 2. The equivalent circuit model of the
conventional resonator. conventional square-head DGS resonator.
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(EM)-simulation. Once Ss; and Sj; are computed at resonance frequency by using AWR simulator,
the required parameters can be defined by using the relation between the S-ABC D-parameters and
Y -parameters as follow:
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Here, Ys and Yp correspond to the series and parallel admittances of the m-equivalent circuit respectively
(see Fig. 2), while Z; represents characteristic impedance of the transmission line.
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The values of cutoff frequency f. and resonance frequency f can be found from the transmission
characteristics of the quasi-Yagi slot [6,7] as shown in Fig. 3. The dimensions of DGS (¢ = 8 mm,
b=4mm, e = 1mm, ¢ = 8mm and s = 2mm) are computed and optimized using MWO and Tex-line
software.

3. INFLUENCE OF DIMENSION VARIATIONS ON THE FREQUENCY
BEHAVIOURS

3.1. Influence of the DGS-Head Dimension

The variation of the head-area, whose different parts are connected to each other through a canal (g),
leads to a resonant frequency shifting in low or high frequency range depending on the value of square-
area. As shown in Fig. 3(a), the area and frequency values are varied from 64 mm? to 16 mm? and from
2 GHz to 8.2 GHz, respectively.
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The disadvantage of this frequency control method is that the frequency modification is strongly
dependent on the structure dimension, as well as from the compactness factor.

3.2. Influence of the Gap-Width (Canal)

The effect of gap separation (g), which is related with the two square-heads, was examined. Gap g and
resonant frequency are varied from 0.5 mm to 2mm and from 2 GHz to 8 GHz, respectively. As shown
in Fig. 3(b), the variations of the gap width result in only small influence on the attenuation poles.

3.3. Influence of the Yagi-Arm

During simulation, only the length of Yagi-arm has been varied from 3 mm to 9 mm, keeping all others
parameters constant. The positions of frequency poles are shifted from 6.5 GHz to 2.5 GHz, respectively
(see Fig. 3(c)). As shown in Fig. 3(c), the advantage of the last method, compared to the previous
alternatives, is that the total size of the structure keeps independent from the attenuation poles position.
The frequency resonance can be arbitrarily varied without any change in the size of the structure. Based
on the above observations, proper trade-off between the parameters such as cutoff frequency, resonance
frequency, and quality factor of S5, can yield a good low-pass filter with a very good response. To
illustrate the proposed technique, a low-pass filter with a cutoff frequency of 2 GHz and attenuation
pole of 2.8 GHz was designed. The design of the proposed structure has been achieved using AWR
simulator and finally tested using VNA.
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Figure 3. (a) Resonance and cut-off frequencies versus DGS-head dimension ‘b’ of DGS. (b) Resonance
and cut-off frequencies versus the gap-width ‘g’ of DGS. (c¢) Resonance and cut-off frequencies versus
the Yagi-arm of DGS.
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4. FIELD DISTRIBUTION ALONG OF THE DGS-UNIT

The objective of this short investigation is to verify the dependence of the equivalent circuit elements
(capacitance and inductance) on the surface as the distribution electromagnetic field. The simulation
results are shown in Fig. 4. The microstrip structure is divided into two regions. In region I, the
electric field is highly concentrated in the gap, hence any change in dimensions of the gap affects the
effective capacitance of the structure. In region II, the electric field nearly vanishes. On the other
hand, the current is distributed throughout the whole structure. Therefore, any change in the length of
the square-area strongly affects the magnetic field distribution and hence the surface current, which in
turn leads to a change in the effective inductance of the structure. Therefore, region I corresponds to
a capacitance, and region II corresponds to an inductance. The full structure corresponds then to an
LC-resonator (see Fig. 4(a)).

Fegionl

Microstnp feed

(a)

Figure 4. EM field distribution at the resonance frequency, (a) passband behavior, (b) stopband
behavior.

At a certain frequency, the flux-energy is blocked at the input of the structure. At the same time,
the magnetic energy is distributed around the DGS while the electric energy is focused along the gab
(between parallel metal strips (channels)) of DGS, which indicates that the structure is in the stopband
state, and more precisely, the structure undergoes a resonance effect as shown in Fig. 4(b).
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Figure 5. The 3D view of the quasi-Yagi DGS  Figure 6. The S-scattering results of quasi-Yagi
low-pass filter. DGS low-pass filter.
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5. LOW PASS FILTER USING TWO COUPLED QUASI-YAGI DGS-RESONATORS

A schematic view of the new DGS low-pass filter is shown in Fig. 5, which is composed of two quasi-
Yagi slots in the metallic ground plane and two compensated microstrip capacitors, which are placed
on the top layer and connected together with a 50 feed line on the top layer. A three-pole low-pass
filter has been simulated on an RO4003 substrate. A substrate with a relative dielectric constant of
3.38 and thickness of 0.813 mm is used. The investigated quasi-Yagi-DGS LPF is very compact. The
introduced horizontal arms allow a sharp cutoff frequency response and a broad stopband, which is
nearly three times of the cutoff frequency. The simulation results of this new LPF using microwave
office electromagnetic software AWR can be seen in Fig. 6. The simulation results were carried out
using AWR simulator and are shown in Fig. 6. The filter with —3 dB cutoff frequency at 2 GHz has
been designed and optimized. The LPF has a wide stopband from 2.5 to 10 GHz with a rejection level
greater than —15dB, sharp roll-off rate equal to 180 dB/GHz and low insertion loss lower than 0.5 dB
in 90% of the passband. The dimensions of compensated capacitors are calculated, using empirical
method, as following: m = 8 mm, n = 5mm and k = 4 mm.

6. FABRICATION AND MEASUREMENTS

The optimized quasi-DGS-unit has been used to design an LPF, which was fabricated on a (30 x 20 mm?)
substrate with a relative dielectric constant (e,) of 3.38 and thickness (h) of 0.813 mm. Fig. 7 shows
photographs of the fabricated structure. The measurements were carried out on an HP8719D network
analyzer and are shown in Fig. 8. The fabricated LPF has a 3dB cutoff frequency at 2 GHz and
a suppression level of 20dB from 2.6 GHz to 11 GHz; the insertion loss in the passband is about
0.65dB. Fig. 8 shows a good agreement between the measured and simulated results. Therefore,

Figure 7. Photography of the fabricated quasi-Yagi DGS low-pass filter.
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Figure 8. Measured and simulated S-parameters of the proposed quasi-Yagi DGS low-pass filter.
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we have demonstrated that the proposed coupled quasi-Yagi-DGS LPF is very favorable compared
to the designed LPFs in [1,2]. The small deviations between the simulated and measured results
were caused by the SMA connectors and manufacturing errors. The performance of this novel BSF is
experimentally characterized and compared with its simulation results which show a good agreement.
The small deviations between the simulated and measured results may be caused by the connectors and
manufacturing errors.

7. IMPROVEMENT OF THE COMPACTNESS USING MULTILAYER TECHNIQUE

In order to improve the compactness feature of the proposed filter, a multilayer first order has been
used. The DGS resonator is moved to the top layer as microstrip resonator with keeping all the same
features as before (see Fig. 9). Using the multilayer idea, the topology is reduced up to nearly 50%
compared with the previous size. As depicted in Fig. 10, the proposed very compact filter structure with
1.4 GHz cutoff frequency, 3.5 GHz attenuation pole frequency, negligible passband insertion loss, almost
22.5 dB/GHz sharpness factor and 1.2 GHz passband bandwidth (at —10dB) is designed and optimized.
The proposed low-pass filter provides a size of (0.34\; x 0.45),) with A\; = 44 mm and has wide rejection
up to 4.25 GHz. Hence the spurious passband suppression is achieved up to 5f.. The sharpness factor
and selectivity reach SF = 0.43 and £ = 18.9 dB/GHz successively and can be calculated as follows:

_Je

SF = (14)
_ (20dB — O3dB
"~ fa0aB — fe (15)

where fo, fe, fo0aB, @204 and aggp are the attenuation pole frequency, cutoff frequency, 20-dB stopband
frequency, attenuation point at 20-dB and attenuation point at 3-dB, respectively. Such topologies are
suitable for ISM band (Industry, Scientific and Medical) applications. The performance of the proposed
DGS LPF is summarized in Table 1 with other reported LPF's for comparison. It can be seen from Table
1 that the proposed filter provides good performances in stopband rejection and passband insertion loss,
and smaller in size (15 x 20mm?) than those reported in literature.
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Table 1. Comparison of the proposed quasi-Yagi-DGS-LPF with other related LPF.

Reference Substrate | Size {mm:) Cutoff Stop-band | Pass-band | Pass-band
filter dielectric frequency | (GHz) with insertion return
constant/ fe (GHz) -20dB loss (dB) loss (dB)
height rejection
(mm)
[24] 4.4/0.5 27x 23 03.7 3.75-20 <1 =5
[23] 3.38/1.524 71x 13 024 3.26-10 <2.26 =5
[22] 3.38/0.813 24x15 2.95 4-20 0.1 20
[18] 2.2/0.787 33 x 30 2.95 3.5-8.8 1 15
Proposed 3.38/0.813 15x 20 1.35 22-6.5 0.3 =8

8. CONCLUSION

In this work, a new quasi-Yagi DGS low-pass filter (LPF) is introduced and investigated. It is shown
that the novel filter has a good sharp cutoff frequency response and good performance in both the
passband and stopband. The use of the Yagi idea improves the passband and reject band of the filter
compared to the filter without Yagi topology. Using the new quasi-Yagi-arms, it becomes easy to control
the resonant frequency without using any extra devices, and consequently, the structure becomes very
compact. In order to improve the compactness of the proposed filter, a new multilayer technique is
used. A comparison between simulation and measurement results confirms the validity of the quasi-
Yagi-LPF configuration and design procedure. Based on its good characteristics, the proposed filter
will be a strong candidate for applications in various mobile wireless communication systems as well as
in microwave area.
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