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Abstract—In this paper, a three-pole bandpass filter (BPF) using a
new defected ground structure (DGS) is discussed. The proposed DGS
is incorporated in the ground plane under the feed lines and the coupled
lines of a bandpass filter to improve the performance of the filter in both
passband and stopband. The banpass filter is designed with a center
frequency of 1.8 GHz and a bandwidth of 270 MHz. The suppression of
better than 20 dB was achieved for frequencies between 2.2 and 5 GHz.
A prototype of BPF was fabricated and tested. Prototype measured
data was in good agreement with simulation results.

1. INTRODUCTION

Modern microwave communication system requires microstrip band-
pass filters with improved performance for out-of-band and in-band
responses, high rejection, low insertion loss and reduced size [1,2]. De-
fected ground structures (DGS) is one of the new design techniques
used to improve the quality of the system [3,4]. DGS adds an ex-
tra degree of freedom in microwave circuit design and opens the door
to a wide range of applications. The first DGS was proposed by
Park etal. [5], where DGS is designed by connecting two DGS cells
with a narrow slot. The effective capacitance and inductance of the
transmission line is increased using the DGS which contains wide and
narrow etched areas [6, 7).
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In the following years, a great lot of novel DGS’s were proposed
and they had become one of the most interesting areas of research
owing to their extensive applicability in microwave circuits [8,9].
Many passive and active microwave and millimeter devices have
been developed to suppress the harmonics and realize the compact
physical dimensions of circuits for the design flow of circuits with DGS
comparatively simple [10-12].

The defected ground structures may cause the high radiation loss,
since the defected ground pattern can operate as a radiator instead of
the resonator and the insertion loss increase. Moreover, this radiation
problem could be more serious in multilayered PCB. To achieve low
radiation losses, the fabricated filter may be enclosed in a metal box.
The metal box must be properly dimensioned so that its resonance
frequency equals the unwanted resonant frequency of the filter [13].

In this paper, a design of three-pole microstrip bandpass N filter
with suppression of spurious band has brought about by considering
the wide BPF as a cascading of conventional BPF with DGS Bandstop
Filter (BSF). The expected result of a simple BPF together with DGS
microstrip is to have a compact bandpass filter with significantly higher
spurious responses suppression.

2. THREE-POLE N BANDPASS FILTER DESIGN

Figure 1 shows the configuration of the proposed three-pole wide
microstrip bandpass N filter. The circuit is etched on a bottom of
a RF4 substrate with dielectric constant of 4.3 and a thickness of
1.58 mm. The BPF consists of a three N coupled lines and feeding
lines. The overall response of the BPF is determined by coupling
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Figure 1. Layout of three-pole N BPF (W; = 3.1 mm, W5 = 0.8 mm,
Ws=0.4mm, Ly = 18 mm, Lo = 2.1 mm, S; = 0.2mm, Sy = 0.9mm,
L =10mm).
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between the resonators. So, the coupling coefficient is related to the
spacing between the resonators. The coupling coefficient can be varied
by varying spacing between the resonators.

The design of bandpass filter is done for center frequency of
1.8 GHz and a bandwidth of 270 MHz. The simulated results of 3N
filter are illustrated in Figure 2. The simulation results show a return
loss of —10dB over the passband and an insertion loss of 0.5 dB.
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Figure 2. Simulation response of three poles N BPF.

A classic characteristic of distributed filters is higher order
responses as we can see clearly at the upper frequency edge of the
plot in Figure 2. If the application requires elimination of this band,
additional filter elements are required, which can only be accomplished
by adding DGS element resonant at desired frequency band rejection.

3. DGS BANDPASS FILTER

Simple microstrip filters have asymmetrical stopbands, and the need
for a more complex design can be avoided if DGS elements are used to
improve stopband performance. These elements allows the designer to
place a zero in the transfer function almost anywhere.

The basic element of DGS is a resonant gap or slot in the ground
metal, placed directly under a transmission line and aligned for efficient
coupling to the line. Figure 3 shows several resonant structures that
may be used. Each one differs in occupied area, equivalent L-C
ratio, coupling coefficient, higher-order responses, and other electrical
parameters.

This range of structures is used to provide additional rejection
at the edges of a filter passband, or at an out-of-band frequency
such as a harmonic, mixer image, or any frequency where the filter
structure has poor rejection. Similarly, DGS resonators can also be
used to remove higher-order responses in directional couplers and
power combiner/dividers [14-16].

The view of microstrip with DGS cell is shown in Figure 4(a). The
proposed DGS are composed of two a x b rectangular defected areas,



90 Zakriti et al.

GROUNDP LANE

(©)

Figure 3. Some common configurations for DGS resonant structures.
(a) Slot. (b) Meander lines. (c) Slot variations. (d) Various dumbbell
shapes.

g X (w+2c) gaps. This DGS unit is etched in backside metallic ground
plane under the microstrip line. DGS unit can be modeled by a parallel
inductive-capacitive (LC) resonant circuit connected to transmission
lines at its both sides. In developing this model for the filter, radiation
and surface wave losses were also taken into consideration by including
parallel resistance R in the equivalent circuit, as shown in Figure 4(b).
The values of R, L and C can be computed using the following
expressions.

Using the circuit model in Figure 4(b) and the circuit theory, the
equivalent impedance of the parallel resonance is given by:
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Figure 4. (a) The view of microstrip line with DGS shape.
(b) Equivalent circuit of DGS cell.



Progress In Electromagnetics Research C, Vol. 45, 2013 91

The transmission coeflicients are then calculated as follows:
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At resonant frequency, the relationship between LC and wy is defined
as follows:

L=— (5)

Substituting this result in the Eq. (4), gives:

a L(wwp)? 1k 1
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Using Egs. (6) and (5), the capacitance and inductance of the
equivalent-circuit model can be given by:
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The resistance R in the equivalent circuit model is best fitted around
the resonant frequency wg. In this case, the equivalent circuit
impedance is Z = R (Eq. (1)), which yields:

R =27y [(S12|w=wo) " — 1] (8)

The values of fy, f. and Si2|w=u, are easily extracted from the EM-
simulation curve of the DGS element.

e ] (7)
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4. DGS-ENHANCED FILTER

The presence of spurious bands is a fundamental limitation of
microwave filters. As we can see in Figure 2, the first spurious
band is relatively close to the frequency range of interest and the
unwanted spurious bands appears in the higher frequencies. The
spurious responses can be rejected by the use of one DGS unit but
when two identical DGS are introduced at both ends of the feed
lines, this unwanted band is suppressed with better attenuation [17].
Consequently, two identical cell DGS are incorporated in the ground
plane under both input and output feed lines of a simple coupled N
lines bandpass filter. This integrated circuit is shown in Figure 5 where
each DGS unit is placed at a distance d from the edge of the feed lines.

Figure 5. Layout of three poles N BPF on two DGS units.

In order to enhance the spurious response rejection of the proposed
filter, we choose to study the effect of DGS dimensions. Then, we
vary one dimension of the DGS cell and keeping other dimensions
fixed. Plots of the S-parameters with different length of the rectangular
defected areas, which is indicated by a parameter (Figure 4), are shown
in Figure 6. We can see that the best result is obtained for a parameter
equal to 9 mm.

Plots of the S-parameters with different width of the rectangular
defected areas, which is indicated by b parameter (Figure 4) are shown
in Figure 7. We can see that the best result is obtained for b parameter
equal to 2 mm.

Figure 8 represents the S-parameters with different values of the
gap coefficient ¢ (Figure 4). We can see that the best result is obtained
for ¢ parameter equal to 0.4 mm.

Plots of the S-parameters with different width of the gap, which
is indicated by g parameter (Figure 4) are shown in Figure 9. We can
see that the best result is obtained for g parameter equal to 0.2 mm.

Plots of the S-parameters with different d parameter (Figure 5)
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Figure 6. Investigate parameter a (varies a, b = 2mm, ¢ = 0.4 mm,
g =0.2mm and d = 5.5mm) (Dotted a = 8 mm, solid a = 9 mm, Dash
dotted @ = 10mm). (a) Return loss. (b) Insertion loss.
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Figure 7. Investigate parameter b (¢ = 9mm, varies b, ¢ = 0.4 mm,
¢ =0.2mm and d = 5.5mm) (Dotted b = 1 mm, solid b = 2mm, Dash
dotted b = 3mm). (a) Return loss. (b) Insertion loss.
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Figure 8. Investigate parameter ¢ (¢ = 9mm, b = 2mm, varies c,
g = 0.2mm and d = 5.5mm) (Dotted ¢ = 0mm, solid ¢ = 0.4 mm,
Dash dotted ¢ = 0.8 mm). (a) Return loss. (b) Insertion loss.
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Figure 9. Investigate parameter ¢ (¢ = 9mm, b = 2mm, ¢ = 0.4 mm,
varies g and d = 5.5 mm) (Solid g = 0.2 mm, Dotted g = 0.4 mm, Dash

dotted g = 0.6 mm). (a) Return loss. (b) Insertion loss.
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Figure 10. Investigate parameter d (¢ = 9mm, b = 2mm, ¢ =

0.4mm, g = 0.2mm and varies d) (Dotted d = 5 mm, solid d = 5.5 mm,
Dash dotted d = 6 mm). (a) Return loss. (b) Insertion loss.

Table 1. DGS parameters.

B

2mm

C

0.4mm

a 9

0.2mm

9mm

are shown in Figure 10. We can see that the best result is obtained for
d parameter equal to 5.5 mm.

Consequently, the greatest response used to improve the spurious
response suppression occurs for the following DGS parameters.

The DGS dimensions optimized for desired performance are
summarized in Table 1.

As seen in Figure 11, the simulated S-parameters of the proposed
DGS unit, show the one-pole stopband filter characteristics with an
attenuation pole around 4 GHz and 3 dB cutoff frequencies at 3.6 GHz
and 4.8 GHz. This one-pole in frequency response will be used to
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Figure 11. Simulated S-parameters of DGS resonator.
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Figure 12. FE-field transmission of the DGS. (a) Snapshot of E-
field transmission at 1.8 GHz. (b) Snapshot of E-field transmission
at 4.1 GHz.

84183
78847
68334
57821
47308
36795
26282
15762
5256

provide rejection of the spurious responses of a bandpass N filter.

Figure 12 shows the snapshot of simulation at various frequencies
of the E-field transmission of the DGS shaped having the dimensions
as shown in Table 1. The FE-field snapshot at 1.8 GHz shown in
Figure 12(a) depicts that at 1.8 GHz, the signal is allowed to pass
through as represented by the green color. The FE-field snapshot at
4.1 GHz shown in Figure 12(b) depicts that at 4.1 GHz the signal is
not allowed to pass through and no output is obtained at the other
end.

The simulated S-parameters of three-pole N BPF with two-cells
DGS are shown in Figure 13. When compared with the response of the
simpler filter (Figure 2), it is easy to see the improvement of passband
performances and better spurious responses suppression below —10 dB.

To further enhance the stopband performance of this filter, one
other cell DGS is etched in the center of ground plane under the coupled
lines of the IV filter as seen in Figure 14.

A wide stopband is clearly observed from the simulated plots
of Figure 15 with a rejection of 20dB or higher from 2.2 GHz to
5GHz. The filtering performance has dramatically improved by the
introduction of the third DGS cell.
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Figure 13. Comparison of simulated S parameters of three poles
N lines BPF with and without two DGS units. (a) Return loss.
(b) Insertion loss.
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Figure 14. The bottom view of the proposed filter with three-cell
DGS.
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Figure 15. Comparison of simulated S parameters of three poles N
lines BPF with two and three DGS units. (a) Return loss. (b) Insertion
loss.
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(b)

Figure 16. FE-field transmission of the threepoles N lines BPF
with three DGS. (a) Snapshot of FE-field transmission at 1.8 GHz.
(b) Snapshot of E-field transmission at 4.1 GHz.

Figure 16 shows the snapshots of simulation of the FE-field
transmission by the three poles N lines BPF with three DGS units
at various frequencies. The F-field snapshot at 1.8 GHz shown in
Figure 16(a) depicts that at 1.8 GHz the signal is allowed to pass
through by the proposed filter. The E-field snapshot at 4.1 GHz shown
in Figure 16(b) depicts that at 4.1 GHz the signal is not allowed to pass
through by the filter. The objective of the present work to suppress
the spurious responses around 4.1 GHz is thus achieved.

The prototype structure of three-pole N lines BPF with three-cell
DGS is fabricated on FR4 substrate with a relative dielectric constant
of 4.3 and a thickness h of 1.58 mm. Measurements were carried
out using Rohde and Schwarz ZVB 20 vector network analyzer. The
prototype views of the Top plane and Ground plane are shown in the
Figures 17(a) and 17(b), respectively.

(b)

Figure 17. Fabricated three-pole N lines BPF with three-cell DGS.
(a) Top view. (b) Bottom view.

Both the simulated and measured S-parameters are plotted in
Figure 18. The measured results show good agreement with simulation
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Figure 18. Comparison between simulated and measured S

parameters of three poles N lines BPF with three DGS cells.
(a) Return loss. (b) Insertion loss.

results. The fabricated BPF has a center frequency of 1.8 GHz and a
suppression level of 20dB from 2.2 GHz to 5 GHz. Consequently, we
have demonstrated that the proposed bandpass filter incorporating
DGS cells has highly improved performance over the conventional
bandpass filter (Figure 2).

5. CONCLUSIONS

A new three-pole N lines bandpass filter with defected ground
structure is introduced in this paper. The design center frequency
of 1.8 GHz and an operating bandwidth of 270 MHz. The conventional
bandpass filter was designed first with associated simulation results
that showed the expected unwanted passband.

Cascading DGS with that three poles N lines BPF improved the
performance of the filter over the desired passband and increased the
suppression of unwanted wide band. The simulation results showed
an insertion loss of less than 0.5dB and return loss of 10dB of better.
The use of DGS cells shows suppression better than 20dB over the
unwanted passband without any degradation over the design operating.
The filters were designed, fabricated and tested. Good agreement
between simulated and measured results was achieved.
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