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ABSTRACT

In this paper an effective size reduction technique using fractal structure is suggested. The proposed technique has been
applied on a band stop and a low pass filter separately. This technique provides 42% reduction of size for the band stop
filter and about 26% for the low pass counterpart. Both the designed structures are fabricated and the measured results
are compared with the simulated results. The proposed technique does not require any recalculation or optimization of
dimensions of the filter, and is straightforward to implement. The band stop filter is designed for the center frequency of
3 GHz where as the cut-off frequency for low pass filter is 2.5 GHz. A good agreement between the simulated and
measured results is observed. A comprehensible explanation of the proposed technique is also provided.
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1. Introduction

Filters are a very important component in the microwave
and RF communication systems. In the advanced com-
munication systems, a compact filter circuit with better
performance is a basic requirement these days. In this
paper the band stop and low pass filters are considered to
demonstrate the proposed technique. To remove the un-
wanted frequency bands from the microwave and radio
frequency signals a band stop filter (BSF) plays a very
important role in wireless communication systems. Thus
the BSF have been widely used in several wireless cir-
cuits and systems. The low pass filters are the indispen-
sable components in any microwave communication
system especially at the receiving end. There are various
BSF structures developed using planar substrates to
achieve a compact circuit size. A wide band stop filter is
proposed by using single quarter wave length resonator
with one section of anti-coupled lines with shorted ant
other end [1]. Few structures of band stop filter have also
been presented using the defective ground with the aim
of a compact size of the filter. Defected ground plane
with mushroom structures is proposed in [2], where a
multilayer structure has been used to achieve a compact
structure. Another compact mictrostrip band stop filter
based on defective ground structure (DGS) is designed;
these DGS units are considered building blocks of the
BSF to achieve the band rejection [3]. A small-size Elec-
tromagnetic Band Gap (EBG) microstrip structure with
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triple EBG structures is designed, this EBG structure is
based on the main EBG microstrip line with rectangular
patches periodically inserted in the line [4]. The spiral
resonators also are used to design a band stop filter. This
microstrip band stop filter based on spiral resonators can
be implemented with small size because of the sub-
wavelength effect of the resonators [5]. In [6], a parallel
coupled band stop filter using a double negative coupled
transmission line is designed. It requires a shorter cou-
pling to achieve a compact size. A compact band stop
filter is also presented using a meander spur line and a
pair of capacitive loaded stubs [7].

Using the microstrip line with open end stubs sepa-
rated with quarter wavelength lines at the center fre-
quency of stop band is one of the most widely used
method to design a wide band stop filter [8-10]. This
technique is one of the conventional and more widely
used methods. These quarter wave length connecting
lines are used as unit elements. Since the unit elements of
this type of band stop filter are redundant, and their fil-
tering properties are not well utilized, the resultant band
stop filter is not an optimum one. For band stop filters
the unit elements can be made nearly as effective as the
open-circuited stubs. Therefore, by incorporating the unit
elements in the design, significantly steeper attenuation
characteristics can be obtained for the same number of
stubs as is possible for filters designed with redundant
unit elements. Also, a specified filter characteristic can
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be met with a more compact configuration using fewer
stubs if the filter is designed by an optimum method
[11,12]. This optimum method is used in this paper to
design the band stop filter and then the fractal structure
[13] is applied on the connecting lines of the open ended
stubs.

Similar technique of size reduction is applied on the
low pass microstrip filter. The fractal curve has been
applied on the high impedance line of the stepped im-
pedance microstrip low pass filter. Using microstrip
structure the low pass filter is designed by using either
open stub or stepped impedance technique [8,9]. The
stepped impedance technique is more common because
of its simpler design methodology. The low pass filter
design using this technique occupies larger area. To
achieve the compact structure several efforts have been
made. A compact low pass filter has been designed using
slow wave resonators [14], whereas a compact semi
lumped low pass filter is proposed in [15]. However the
lumped elements raised fabrication difficulties and
lumped elements have stray capacitive and inductive
effects which affects the desired results. In [16], a low
pass filter using a single microstrip stepped impedance
hairpin resonator with direct-connected feed lines is
proposed, which has the advantage of extending the stop
band between the first and second resonant frequency
because of the effect of loading capacitance. In [17], a
low pass filter using coupled lines is proposed, which has
two attenuation poles in the stop band. However, the use
of coupled lines reduces the varieties of filter configura-
tions, and then reduces applications of the type of filter.
The utilization of microstrip open-loop resonators allows
various filter configurations including those of elliptic or
quasi-elliptic function response to be realized [18]. In
this paper a Chebyshev low pass prototype of order five
and pass band ripple is 0.1 dB are considered to design a
low pass filter using stepped impedance technique. For
the designs, band stop as well as low pass filter, the di-
electric constant and height of the substrate considered in
this paper is taken as 3.2 and 0.762 mm respectively.

2. Design of Fractal Structure Using Kotch
Curve

The basic structure of 1-D, 90° angles Kotch curve [13]
is taken into consideration for the proposed designs. This
fractal curve is shown in Figure 1 up to two iterations.
The first iteration is shown in Figure 1(b) and the second
iteration is shown in Figure 1(c).

The length of the line that is the distance between the
two end points p and q is considered as d which is shown
in Figure 1(a). For first iteration the length of the unit
section line becomes d/8 which makes the distance be-
tween p and q shorter by half that is d/2 in order to make
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Figure 1. Basic structure of the Kotch curve: (a) Zero itera-
tion; (b) First iteration; (c) Second iteration.

the physical length of the line unchanged as shown in
Figure 1(b). In similar fashion the distance between p
and q becomes d/4 for the second iteration as the length
of the unit section line becomes d/64 as shown in Figure
1(c). The structures shown in Figure 1 may be utilized to
reduce the lengths of the microstrip filters where long
thin microstrip lines are used. It has been applied on two
different structures in the presented work where a con-
siderable reduction in lengths has been observed. In both
the designs, only first iteration is utilized to avoid the
complexity in fabrication.

3. BSF Design Using Fractal Curve

The basic structure of the proposed band stop filter is
based on the open circuited transmission line stub net-
work as depicted in Figure 2. Filtering characteristics of
this filter entirely depend on the design of characteristic
impedances Z; for the open-circuited stubs, and charac-
teristic impedances Z;,;, for the unit elements, as well as
two terminating impedances Z, and Zz [8,9].

The synthesis of the above shown ladder network
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Figure 2. Transmission line network representation of open
stub band stop filter.

shown in Figure 2 is based on following transfer func-
tion given in Equation (1).

2 1
1S5, (/)

T1ve A (f) &

where ¢ is the pass band ripple constant and 4, is the
filtering function represented by the following function

a(f)=5[L)p [N
L(f)=8, Pl il P
ty1-1

where ¢ is the Richards’ transform variable which is

given by
[ = jtan(g%oj 3)
(= jtan(%(Z—FBW)) (4)
FBw =22 0% )

0

where f is the mid-band frequency of the band-stop filter
and FBW is the fractional bandwidth. B,(x) and
C,(x) are the Chebysheve functions of the first and

second kinds of order n:
B,(x)= cos(n cos™' x) (6)
C,(x)= sin(n cos™' x) (7)

The elemental values are normalized admittances, and
for a reference Impedance Z, = 50 ohm, the impedances
are determined by the set of Equation (8).

Z,=2y=2,
Z :ZO/gi (3)
Zi,i+1 = ZO/Ji,i+1

An optimum microstrip band-stop filter with three
open-circuited stubs and a fractional bandwidth FBW =
100% at a mid-band frequency f, =3 GHz is designed.
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By considering a pass band return loss of 20 dB, which
corresponds to a ripple constant ¢ = 0.1005. For opti-
mized filter the normalized element values are taken
from [9] which are g, = g, =0.94806,g, =1.67311, and
the impedance inverters as J,, =J,; =0.56648 . The
filter is designed to match 50 ohm terminations. There-
fore Z, = 50 ohm, and from Equation (8) we determine
the electrical design parameters for the desired filter
network as given below:

Z,=Z,=500hm

Z, =7Z,=52.74 ohm
Z, =29.88 ohm
Z,=172,;,=8826 ohm

The lengths and widths of the corresponding micro-
strip line open stub filter are determined. The microstrip
BSF of such design with their dimensions is shown in
Figure 3. The microstrip filter depicted in Figure 3 takes
into account the open end and T-junction effects. The
width of the microstrip lines connected with two open
end stubs are 0.45 mm and width of the 50 ohm micro-
strip line is 1.82 mm.

The fractal structure shown in Figure 1(b) is now ap-
plied in the structure shown in Figure 3. The thin micro-
strip line is modified using the fractal curve. The pro-
posed filter is depicted in Figure 4. In the modified filter

—b =%

4

a
-«

K L | L 9

&

Figure 3. Microstrip BSF with optimum design with a= 0.3
mm, b=23mm, W=1515mm, L =155 mm.

Figure 4. Band stop filter with fractal lines.

JEMAA



Effective Size Reduction Technique for Microstrip Filters 169

there are no change in the dimensions, only the structure
of connecting lines are changed. With the application of
Kotch fractal the distance between the two open end
stubs becomes half. The total length reduction of L =
15.5 mm is achieved.

The simulated results of the modified BSF with
fractal structure are compared with the filter without
modification. Figure 5 gives the comparison of the Sy,
parameters of the filter structures shown in Figure 3
and 4. In this result it can be clearly observed that the
return loss is very much similar in both the cases. The
S,1 parameters are also compared for the filters with
and without the fractal implementation which is shown
in Figure 6. The insertion loss is also similar for both
the structures. The proposed design is fabricated using
photolithographic technique. The fabricated structure
is shown in Figure 7. The S;; and S,; parameters of
the fabricated structure are measured using vector
network analyzer. Figures 8 and 9 compare the meas-
ured values of S;; and S;; respectively of the fabri-
cated structure with the simulated parameters of the
structure shown in Figure 4. A very good agreement

has been observed between the simulated and tested
results as evident from the S-parameters.

Thus the band stop filter using open stubs can be de-
signed in a compact size with no change in the design
equations given in [9], only a structural change of fractal
curve on the connecting lines are required. From the Fig-
ures 5 and 6, it is clear that with a considerable size re-
duction same response of the band stop filter can be ob-
tained.

4. Low Pass Filter with Fractal Curve

In this section a compact microstrip low pass filter is
designed using the fractal structure discussed in Sec-
tion 2. To design a microstrip low pass filter stepped
impedance technique is used in which higher and
lower impedances are used to get the effects of induc-
tive and capacitive impedances respectively from the
distributive structures. In a microstrip as the imped-
ance of the line increases the width of the line become
thinner and vice-versa. So to get the appropriate val-
ues of the inductances and capacitances in microstrip

‘—0— Notch filter without fractal —s— Notch filter with Fractal Structure ‘
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Figure 5. Comparison of Sy; parameter s of notch filter with and without fractal structure.
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Figure 6. Comparison of S,; parameter s of notch filter with and without fractal structure.
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the ratio of higher to lower impedance value of lines
(ngh / Zlow) should be as high as possible (where Zyg,
and Z,,, are the higher and lower impedances of the mi-
crostrip lines), but limited by the practical values that can
be fabricated on a printed circuit board because very thin
line is impractical to fabricate. The typical values are
Zhigh = 100 Q to 150 Q and Zj,,, = 15 Q to 25 Q. Since a
typical low-pass filter consists of alternating series in-
ductors and shunt capacitors in a ladder configuration,
we can implement the filter on a printed circuit board by
using alternating high and low characteristic impedance
section transmission lines. In this design we have se-
lected Ziow = 24 Q and Zy,ig, = 100 Q. For the filter speci-
fication given above following calculations are made.
For these low and high impedances the width of the mi-
crostrip line is determined as 6.35 mm and 0.48 mm re-

spectively. Also for Z, = 50 Q, the width of the transmis-
sion line obtained is w = 1.82 mm. The relationship of
inductance and capacitance to the transmission line length
at the cut-off frequency axc are:

I

Figure7. Fabricated structure of proposed band stop filter.
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Figure 8. Comparison of measured and simulated values of S;; parameters.
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Figure 9. Comparison of measured and simulated values of Sy, parameters.
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oCZ
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where ¢, and ¢, are the physical lengths. Using the
design Equations (9) and (10) and the lumped parameter
values obtained above, the lengths of the inductive and
capacitive lines are determined as below which have
been depicted in Figure 10.

A, =3.95mm, 4, =9.33 mm, 4, =8.25 mm,
A, =9.33 mm, A, =3.95 mm,

There are stray capacitive and inductive effects pro-
duced by high impedance and low impedance lines re-
spectively. By minimizing these effects the circuit size
can be made compact [9]. From the Figures 11 and 12
this phenomenon of stray capacitance and inductance can
be understand. These effects are minimized by solving
the Equations (11) and (12).

el 1, e L L els

=i —l——

Figure 10. Layout of Chebyshev LPF using stepped imped-
ance technique.
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Figure 11. Stray capacitance (Cp) in high impedanceline.
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Figure 12. Stray inductance (Ls) in low impedance line.
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A
Cp=(wczlhigh]tan(ﬁ2gJ (11)
Ls = [Zlﬂ] tan[ﬂ/l*‘Z J (12)

o, 2

where Cp and Ls are the stray capacitances and induct-
ances, f is the phase constant, and 4, is the wave length
of the respective lines. Minimizing the stray capacitance
and inductance effects requires a lengthy calculation
since it requires number of mathematical iterations and
then the lengths of the resonators are needed to be opti-
mized by using the simulation software.

In the proposed method, to reduce the complexity of
the design process fractal structure has been applied to
the inductive lines of the stepped impedance structure. It
has been investigated that by using first iteration and
1/8th order of Kotch curve, the size of filter reduces by
more than 26%. By using the fractal shape there is no
need to recalculate the dimensions of high and low im-
pedance lines. Using this method there is no need to go
for any consideration of end effect or T-junction effects.
The designed low pass filter using fractal lines reduces
the length of the overall structure by /, = /4. The proposed
structure is shown in Figure 15.

The simulated values of S;; and S,; of the low pass fil-
ter with and without fractal structure are shown in Fig-
ures 13 and 14. From these S;; and S, parameters it can
be clearly observed that there is no considerable devia-
tion between the values with and without fractal struc-
tures. Moreover the pass band characteristics using the
fractal structure are slightly improved. The fabricated
structure of the proposed design is shown in Figure 16.
To provide the close comparison between the tested and
simulated results the S;; and S,; parameters are shown in
Figures 17 and 18 respectively. From these results it has
been observed that there is a good match between simu-
lated and measured values and a slight mismatch is due
to the imperfection in fabrication.

5. Conclusion

The proposed method is an effective and efficient size
reduction technique with simplicity. This technique of
size reduction may be applied on most of the line based
microstrip circuits. In the presented work more than
46.5% reduction of the size has been observed without
change in the response over the conventional optimized
band stop filter. In the case of low pass filter the pro-
posed technique is effective to achieve the compact size
with the same response as the conventional low pass fil-
ter. The size reduction in the case of low pass filter is
more than 26%. This method does not require lengthy
calculations or optimization. The proposed technique is
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Figure 13. S;; parameters of low passfilter with and without fractal structure.
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Figure 14. S,; parameters of low passfilter with and without fractal structure.

Figure 15. low passfilter with and without fractal structure.
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Figure 16. Top view of fabricated structure.
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Figure17. S;; parameters of simulated and measur ed values of the proposed filter.
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Figure 18. S,; parameter s of simulated and measur ed values of the proposed filter.
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verified by comparing the measured results with the si-
mulated results giving good agreement between the two.
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