A New Typeof Low Pass Filter With Defected Ground Structure
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A new design method of low pass filters (LPF) using defected ground structure (DGS) on planar

transmission lines such as microstrip and coplanar waveguide (CPW) is presented. LPF isdesigned easily

by extracting the equivalent circuit elements of unit DGS and compensating the line width of capacitive

transmission line. The proposed L PF does not have any open stub, discontinuity elements such as Tee- or

Crossjunction, and the repeated low-high impedance elements, which have been essential for design of

conventional LPF. Only two DGS patterns and one transmission line with broadened width are used for

design of the proposed LPF. Simple structure, small size (49% of a conventional LPF), less discontinuities,

non-existing of the high impedance lines, no need for wire bonding required in CPW discontinuities, and

high power handling capability are obtained through the proposed L PF.

INTRODUCTION

It is well known that periodic structures have typical
low-pass properties. The representative periodic
structures for microwave applications are various kinds
of photonic bandgap (PBG) [1-4] and defected ground
structure (DGS) [5]. DGSis also realized by etching off
the defected patterns from the ground plane like PBGs.
The basic DGS is composed of two wide defected areas
and narrow connecting slot, which are the sources of the
equivalent -C components, while the existing PBGs
have inductive equivalent element only. DGS has simple
structure, equivalent L-C circuit model, and extensive
applicability to design filters, couplers, dividers, and
amplifiers[6-9].

A method to design low pass filters (LPFs) using DGS
on microstrip substrate has been proposed already by [6].
In this paper, another scheme to design LPFs without
open stubs, but only by using two DGS patterns and
compensating the width of microstrip line.

The same method is applied to design a CPW LPF, too.
There is no change in the width of signal line. No open
stubs, high impedance lines, and junction elements such
as Tee or Cross are required. This means wire bonding,
which is essential for the CPW discontinuity elements, is
not needed.

DGS PATTERN AND THE EQUIVALENT
CIRCUIT ELEMENTS
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Fig. 1 Microstrip line with a dumb-bell shaped DGS
pattern and characteristics by EM simulation. (=3.48,
Substrate thickness=30mils)

Fig. 1 shows a microstrip line with dumb-bell shaped
DGS and predicted performances by electromagnetic
(EM) simulation. The shape of defect can be circle,
octagon, etc. It is easily understood that there are



equivalent L-C components as shown in Fig. 2(a)
because the resonant and 3dB cut-off frequencies are
observed in Fig. 1. Since the same properties can be seen
from the }pole Butterworth prototype LPF [10], Fig.
2(b) isthe equivalent to Fig. 2(a). Because two reactance
values are expressed as (1) and (2), the equality at cut-off
frequency should be preserved by (3).

C %
ZO ZD
gl !
22"
%go gz%
= (b) =

Fig. 2 (a) Equivaent circuit of the microstrip line with
unit DGS (b) Butterworth prototype of one-pole LPF
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Fig. 3 Characteristics of the L-C network with EM
simulation results overlapped.
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where Wy, W, ¢, and Z are the resonant frequency,
normalized cut-off frequency, prototype value of the
Butterworth type LPF, and the scaled port impedance,
respectively.

The extracted L and C are 2.2832 nH and 0.2026 pF.
Fig. 3 represents the simulated characteristics of the
parallel L-C network on Agilent Advanced Design
System with EM simulation results overlapped. Good
agreement is observed.

MICROSTRIP LPF USING DGS

A LPF with 0.01dB ripple can be designed using two
L-C resonators and one shunt capacitor as shown in Fig.
4(@). Thisis one of typical topologies of LPFs. L1, C1,
and C2 are 2.2832 nH, 0.2026 pF, and 1.5 pF,
respectively. In order to realize the shunt capacitor, one
open stub combined by Tee-junction or two open stubs
connected by Cross-junction are required in conventional
design [6]. However, in thiswork, it is realized by simple
microstrip line with the compensated width as illustrated
in Fig. 4(b). The width is fixed to have 3.5mm, which
corresponds to the width of the 30 W microstrip line as
has been depicted in Fig. 1. Length“ G’ has been chosen
to have 5mm after the calculation of capacitance.
Because the lower impedance of microstrip line, the
more capacitive equivalently, open stubs and junction
elements can be removed from the typical topology of
LPF by increasing the width of microstrip line.
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Fig. 4 (a) A typica LPF (b) The proposed LPF with
two DGS patterns and compensated line width.

Fig. 5 shows the predicted and measured performances
of the LPF. Although minor discrepancies are observed,
the overall agreement has been achieved successfully.
The weak discrepancies are caused by the mild
interaction between DGS patterns, which are not
contained in the schematic in Fig. 4(a).



“LPF W2 and “LPF W2’ are the dimensions for the
area of LPF itself, which exclude the 50 W feeding line
for measurement, as shown in Fig. 4(b). The area of pure

handled. It is clearly compared that the widths of the
series microstrip elements in the layouts of the proposed
L PF and the conventional ones.

is149.5mn?.
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Fig. 5 Performances of the microstrip LPF.

Two conventional LPFswere designed for the purpose
of comparison. The first LPF, shown in Fig. 6, has 3
poles and smaller size, 114.8mn?, but its rejection slope
is too loose. The second one, shown in Fig. 7, was
designed to have 5-poles for the similar slope of rejection
to the proposed LPF. However, its size is 307.8 mnt,
which is twice as large as the proposed LPF. In other
words, the size of the proposed LPF is only half of the
conventional design for the similar performances.

A Conventional 3-Pole LPF
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Fig. 6 A 3-poles LPF using a conventional topology.

Although there are two “Step” elements between the
LPF area and 50 W feeding line, they are inevitable for
measurement. In addition, the step discontinuities can be
softened by adding taper- or triangle-elements to the step
sections.

It should be noted that the highly increased width of
the microstrip in LPF alows much high power to be

A Conventional b-Pole LPF
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Fig. 7 A 5-poles LPF using a conventional topology.

CPW LPF USING DGS

The same design method can be applied to design a
LPF using DGS on CPW (“DGSCPW™) and transmission
lines with lower impedance by narrowing the gap
between the signal line and ground planes without
touching the main signal line. This is great advantage
because the width of signal line is constant. At least,
there are no discontinuity elements in the main signal
line in CPW structure. Only the gap are changed so that
the line impedance is much lower than 50 W, for example
30 W in this work, by moving the ground plane towards
to the signal line. Therefore the air-bridged bonding
wires, which are essential in CPW discontinuity elements
such as Tee- or Cross-junctions, are not required.
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Fig. 8 Layout of the LPF using DGSCPW and measured
performances. (6=10.2, Substrate thickness=25mils)



Fig. 8 shows the layout of the LPF using DGSCPW,
compensated line  impedance, and measured
performances. No open stubs and junction elements are
observed. The width of the main signal lineis constant. It
is noted that a very steep rejection is achieved by using
only two DGS patterns and capacitive line element. If a
conventional LPF has the similar slope of rejection, the
number of poles should be at least five approximately, as
has been described in the microstrip case above. Thisis
because there is considerable equivalent capacitance as
well as inductance due to the narrow slots and wide
defected area of DGSCPW, while the conventional CPW
PBG proposed in [4] hasthe only inductive elements.

CONCLUSIONS

A new type of LPF using only two DGS patterns and
one capacitively compensated transmission line is
proposed. No open stubs, Tee- or Cross-junction
elements, and bonding-wires are required. The width of
the microstrip line was much larger than that of the port
line impedance in the proposed microstrip LPF, while it
was maintained untouched in the CPW LPF. This allows
the proposed LPF to be suitable for very high power
application. Additionally, the required area for the
proposed LPF was only 49% of that of conventional
design for the similar performances. The measured
performances agreed well with the predicted ones. This
proves the proposed LPF is an effective approach in
design LPFs.
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