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Abstract

Good performance and compact size are the paramaters which are vital when desiging a filter.
One of the creteria of good performance is selectivity. This research, conducted by Hilbert Curve Ring and
Siepinski Carpet, is used as defected ground structure to overcome filter selectivity. By using three
cascadeds Hilbert Curve Ring defected ground structure cells and three steps Sierpinski carpet, a lowpass
filter is designed and fabricated. The measurement result for lowpass filterwith Hilbert Curve Ring defected
ground structure has sharper selectivity with the cut off frequency at 2.173 GHz and the insertion loss
value is 2.135 dB. While the measurement result for three steps Sierpinski carpet has the cut off frequency
at 1.728 GHz and the insertion loss value is 0.682 dB.
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1. Introduction

In telecommunication systems, a filter plays a very important role in selecting which
information to be used or to be rejected. There are many types of filters, for example bandpass
filter, dualband bandpass filter, highpass filter, lowpass filter and many more. A lowpass filter
rejects signals which have higher frequency than the cut-off frequency. A lowpass filter, if
connected behind a bandpass filter can discard multiple resonant frequencies, which is not
rejected by the bandpass filter.A relatively simple method of realizing the lowpass filter is the
stepped-impedance. The stepped-impedance contains high-impedance and low-impedance
microstrip to model inductor and capacitor. However the the selectivity of the filteris still sloping
to reduce the interferences. A sharp selectivity is very important in producing a filter. The sharp
selectivity can be improved by using two coupled resonators and source-load coupledto
generate transmission zeros [1-3]. Another important aspect in filter design is the filter
dimension. A compact size of filter realization can be achieved by decreasing the number of
resonators, using via ground holes technique and using substrate that has higher dielectric
constant [4] or using a rectangular resonator sandwiched between two interdigital structures, [5].
Moreover, it can also be improved by defected ground structure. Having a simple structure,
defected ground structure is equivalent to L-C circuit model, and has extensive applicability to
design couplers, power divider, amplifiers and filters [6-9].

An etched defect in ground plane disturbs the current distribution in the ground plane,
called defected ground structure (DGS). This disturbance can change the characteristics of a
transmission line such as line capacitance and inductance. The low-pass filter using the DGS
circuit has a number of attractive features, which include the following: very simple, wider and
deeper the stopband than the conventional low-pass filter, very low insertion loss and extremely
small element values for implementation of low-pass filter which can be realized [10].

The DGS design model evolved from a simple dumb-bell square shaped [11-13],
elliptic [14], split-ring resonator [15], "H" shape slots [16], combination between spiral-shaped
and dumb-bell shaped [17, 18], meander [19], Hilbert Curve Ring [20-22] in order to obtain
narrower bandpass region or a sharper skirt selectivityof filter. Hilbert Curve Ring is one of the
fractal geometries besides Sierpinski Carpet or Gasket, Koch curve and Cantor.Fractal
geometries are different from Euclidean geometries which havetwo unique properties such as
space-filling and self-similarity like array techniques. They have been used widely in RF and
microwave applications such as antennas [23-29] besides array techniques [30-33]. They can
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also be used in filter applicationsthat it presented in [34-36], to reduce resonant frequency of the
structure and to achieve improved frequency selectivity in the resonator performance. Moreover,
fractal geometries offer smaller resonator size.

This research presentsthe selectivity improvement of stepped-impedance lowpass filter
by using Hilbert Curve Ring and Sierpienski Carpet as defected ground structure.Generally,
Sierpinski Carpet is used for antenna applications to minimize antenna sizes, develop
multiband [24], eliminate the harmonics frequencies of the higher order modes [25] and
harvesting applications [29]. Sierpinski Carpetcan also be applied for filter applications but not
as a defected ground structure [32].

2. Design and Analysis of Hilbert Curve Ring Lowpass Filter

Figure 1a shows the lowpass filter design with Hilbert Curve Ring defected ground
structure. Figure 1b shows the top layer of the Chebyshev Stepped-Impedance lowpass filter
design, whereas the equivalent circuit of the lowpass filter is depicted in Figure 1c.

Microstrip
Line

Hilber Curve Ring

Ground Plane defected around structure

(@)
T
cd »C, | (0 J
Z =L =L, L Z
(b)
L Ls Ls

4 _|_ ) _I_ )
T Cl TC’
(€)
Figure 1. The lowpass filter design with Hilbert Curve Ring defected ground structure (a), the

Hilbert Curve Ring defected ground structuredesign at the bottom of lowpass filter, (b) The top
layer of the lowpass filter design (c) The equivalent circuit of lowpass filter

The governing equations for designing the lowpass filter are given by [37]:
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where, Z,. and Z, denote the characteristic impedance of the low and high impedance lines,
respectively, and Z, is the source impedance, which is usually chosen to 50 ohms. The
physical lengths of the low- and high-impedance are Ic and |, while 4, is guided wavelength

of the quasi-TEM mode of microstrip.

A substrate RT duroid 5870 with a relative dielectric constant (&) of 2.33, thickness
0.787 mm (0.031 inch) and dissipation factor, tan 6 of 0.0012 is chosen in this research. By
using the Sonnet simulator, we simulate width and length of ¢, d, e of the lowpass filter while
another parameter of Hilbert Curve Ring defected ground structure design remains a=1.2 mm,
b=1 mm, split-gap, g=1 mm and ring-width t=0.4 mm are constant.

Figure 2 shows the simulation resultfor two width value of the inductor, ¢, whered=7.1
mm, e=13.9 mm, f=14.4 mm, h=10 mm, i=3.5 mm, j=2.3are fixed. If chas a width of 0.9 mm then
the simulation result is obtained the cut-off frequency at 3 dB is 2.088 GHz. While if the width of
¢ is widened to 1.5 mm then the cut-off frequency becomes 2.48 GHz. It means if c is widened,
the cut-off frequency will shift to the higer frequency.

Magrsiude| o)

Figure 3. The simulated results of Hilber Curve Ring defected ground structure with several
lengths of d (length of high impedance line)

Figure 3 shows the simulated results of Hilbert Curve Ring defected ground structure
with several lengths of d. It can be seen that if the length of d is shortened from 9 mm to 6 mm
then after the selectivity of the lowpass filter isn’t sharp and it shows spurius frequency. While
the good simulation happened at d=9 mm with the largest insertion loss value is 50.3265 dB at
a frequency 2.66 GHz.
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Figure 4. The simulation result by length variation of e (length of low impedance line)

Parameter study of e the HCR DGS lowpass filter design was performed. The
simulation is done by shortening the length of efrom 13.9 mm to 12 mm and 9 mm, where d
is7.1 mm. The simulation result is shown in Figure 4. From Figure 4 it is seen that if the length
of the e resonator is shortened from 13.9 mm to 9 mm then it will form a harmonic frequency
resulting in a less selective filter characteristics.It can be concluded that the parameter d and e
will influence the harmonic or spurius frequency while the parameter of ¢ will control the cut-off
frequency, insertion loss and return loss either.

3. Sierpinski Carpet Lowpass Filter Design

Figure 5 shows various DGS of the Sierpinski Carpet designs. Figure 5a is for 2 steps
of the Sierpinski Carpet while the copper layer is etched, Figure 5b is the opposite of Figure 5a.
Figure 5¢ and 5d is for 3 steps of the Sierpinski carpet, Figure 5d is the opposite of Figure 5c,
the copper layer is shown by the red color. The parameter of the Sierpinski carpet defected
ground structure are k=1.2 mm, I=2.4 mm, m=3.6 mm, n=0.4 mm, 0=0.8 mm and Wo=1.2 mm,
whille the top of lowpass filter design are c=Wo=1.2 mm, d=6 mm, e=11 mm, f=14.4 mm
h=10 mm, i=3.5 mm and j=2.3 mm.
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Figure 5. Various designs for Sierpinski Carpet DGS LPF, (a) The 2 steps of Sierpinski Carpet,
(b) the opposite of Figure 5a. (¢c) The 3 steps of Sierpinski Carpet, (d) the opposite of Figure 5c¢
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4. Prototype and Measurement of Lowpass Filter

Figure 6 shows the fabrication of each Hilbert Curve Ring and Sierpinski Carpet
defected ground structure. Figure 6a is the top layer of lowpass filter with Hilbert Curve Ring
defected ground structure, while Figure 6b is bottom layer of Hilbert Curve Ring defected
ground structure. Figure 6c¢ is the top layer of each lowpass filter with Sierpinski Carpet defected
ground structure, while Figure 6d, e, f, and g are the bottom layer of each various design
lowpass filter Sierpinski Carpet defected ground structure.

(9

Figure 6. The realization of DGS LPF, (a) the top layer of HCR DGS LPF, (b) the bottom layer of
HCR DGS LPF, (c) the top layer of each Sierpinski carpet DGS LPF, (d-g) the bottom layer of
Sierpinski carpet DGS LPF

Figure 7 gives the simulation and measurement result of HCR DGS LPF. From
Figure 7, we can see the discrepancy frequency from higher frequency to the lower frequency.
The discrepancy frequency is around 180 MHz. From the simulation result, the cut off frequency
is at 2.42 GHz and the insertion loss is 0.6616 dB. While the measurement result shows that the
cut off frequency is at 2.173 GHz with the insertion loss value at 2.135 dB.

Figure 8 shows the simulation and measurement result from Sierpinski carpet DGS LPF
(Figure 6d). The simulation result shows that the cut off frequency occurs at 1.88 GHz with the
insertion loss value at 0.1981 dB. While the measurement result shows that the cut off
frequency is 1.819 GHz and the insertion loss value is 0.7863 dB. The discrepancy frequency is
around 61 MHz.
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Figure 9 shows the simulation and measurement result from Sierpinski carpet DGS LPF
(Figure 6e). The simulation result shows that the cut off frequency occurs at 1.84 GHz with the
insertion loss value is 0.3359 dB. While the measurement result shows that the cut off
frequency is 1.728 GHz and the insertion loss value is 0.6481 dB. The discrepancy frequency is
around 72 MHz.

Figure 10 shows the simulation and measurement result from Sierpinski carpet DGS
LPF (Figure 6f). The simulation result shows that the cut off frequency occurs at 2 GHz with the
insertion loss value is 0.219 dB. While the measurement result shows that the cut off frequency
is 2 GHz and the insertion loss value is 1.663 dB. There is no discrepancy frequency, but the
insertion loss value decreases.
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Figure 7. The simulation and measurement Figure 8. The simulation and measurement
result from the HCR DGS LPF design. The dash  result for two steps of the Sierpinski carpet
line is the simulation and the solid line is the DGS LPF design are shown in Figure 6d.
measurement result The dash line is simulation and the solid line

is the measurement result
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Figure 9. The simulation and measurement Figure 10. The simulation and measurement
result for two steps of the Sierpinski carpet DGS  result for three steps of the Sierpinski carpet
LPF design are shown in Figure 6e. The dash  DGS LPF design are shown in Figure 6f. The
line is simulation and the solid line is the dash line is simulation and the solid line is
measurement result the measurement result
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Figure 11. The simulation (dash line) and measurement (solid line) result for three steps of the
Sierpinski carpet DGS LPF design are shown in Figure 6g

Figure 11 shows the simulation and measurement result from Sierpinski carpet DGS
LPF as shown in Figure 6g. The simulation result shows that the cut off frequency occurs at
1.82 GHz and the insertion loss value is 0.2081 dB. While from the measurement result shows
that the cut off frequency is 1.728 GHz and the insertion loss value is 0.682 dB. The
discrepancy frequency is around 92 MHz. Table 1 describes the comparative study of the
performance of proposed design with that already existing mentioned [9-22].

Table 1. Comprison performance of lowpass filters

Ref. No Relative Dielectric Cut-off Frequency Stop-band Note
Constant/Thickness of
Dielectric
[9] 9.6/0.8 mm 3 GHz 23 dB at 3.76 to 7.55 GHz
[10] 2.2/31 mil 1.3 GHz 20 dB at 4.25 to 10 GHz T Junction
2.2/31 mil 1.3 GHz 20 dB at 3.8 to 8 GHz Cross-junction
[11] 3.48/30 mil 2 GHz 15dB at 3to 5 GHz
[12] 3.48/30 mil 2.5GHz 20 dB at 4 to 10 GHz
[13] 3.2/0.07 mm 2.4 GHz 20 dB at 2.55t0 4 GHz
[14] 3.2/0.787 mm 4 GHz 30dB at 5.17 to 10 GHz
[15] 2.65/1.5 mm 2.5GHz 20dB at 2.7 to 7 GHz
[16] 2.2/0.381 mm 1.96 GHz 10 dB at 2.4 to 8 GHz
[17] 3.38/0.813 mm 2.4 GHz 20 dB at 2.95 to 8.25 GHz
[18] 10/1.575 mm 3.6 GHz 20dB at4to 7 GHz
[19] 3.38/0.762 mm 3 GHz 40 dB at 4 to 9 GHz
[20] 2.65/1.5 mm 2.25 GHz 30dB at 2.4t05.5 GHz
[21] 2.2/0.78 mm 2.15 GHz 20 dB at 2.4 to 25 GHz
[22] 2.2/0.787 mm 5 GHz 20 dB at 5.5 to 14 GHz
This 2.173 GHz 40 dB at 2.62 to 5 GHz HCR DGS
Work 2.33/0.787 mm 1.728 GHz 20dB at 2.5t0 5 GHz Sierpinski Carpet

DGS

5. Conclusion

In this research, defected ground structrure gives good performance for selectivity of
filters. The bandpass of Hilbert Curve Ring defected ground structure has sharper skirt than
Sierpinski Carpet. There exists a discrepancy frequency so it causes the degradation
transmission and reflection factor. This discrepancy is mostly due to displacement figure
simulation to prototype figure during the fabrication process. In addition the discrepancy is also
caused by the effects of SMA connector.
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