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Abstract—This paper presents the design of reconfigurable
defected ground structure (DGS) resonator that can be
integrated with ultrawide-band (UWB) microwave filter to
produce bandpass and bandstop response simultaneously. The
reconfigurable DGS is designed based upon coplanar waveguide
(CPW) technology to exhibit bandstop characteristic at 3.5 GHz
and 5.5 GHz using FR-4 on a 1.6 mm dielectric substrate thick
with dielectric constant &.= 4.6. The simulation performance
shows promising results that could be further validated during
the experimental works. This topology of reconfigurable DGS is
useful for applications when the undesired signals need to be
removed such as in wideband systems.
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L.

The increasing development of wireless applications
introduces new requirements for transceiver architecture that
feature excellent performance and enhanced integration
density. Since 1998, photonic band gap (PBG) structures [1]
and defected ground structures (DGS) [2] have attracted the
interest of many researchers. The used of DGS technology into
coplanar waveguide transmission lines (CPW-TL) [3]
compared to conventional transmission lines have many
advantages such as to allow a simple reconfiguration as well as
it is a very compact solution [4-7]. Furthermore, high
performance, compact size and low cost often meet the
stringent requirements of modern microwave communication
systems.

INTRODUCTION

In 2002, the Federal Communication Commission (FCC)
authorized the frequency band from 3.1 GHz to 6.1 GHz for
commercial applications [8]. Since then, there have been
considerable research efforts put into ultra-wideband (UWB)
radio technology worldwide. The UWB frequency band of 3.1
GHz to 10.6 GHz are interfering with the wireless local
network signals such as WiMAX frequency at 3.5 GHz [9], and
the WLAN systems operate in the 5.0 GHz frequency bands,
e.g., 5.15 to 5.35 (IEEE 802.11a lower bands) and 5.725 to
5.825 GHz (IEEE 802.11a upper bands). Hence, a compact
microwave bandpass filter working in the UWB system
requires a design of reconfigurable bandstop filter in order to
avoid being interfered by the undesired signals such as the
WLAN radio.
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In this paper, the design of reconfigurable defected ground
structure (DGS) using coplanar waveguide (CPW) technology
based on the study investigated in is presented.

IL.

The design of the DGS is realized using coplanar
waveguide (CPW). The procedures of realizing the structure
can be found in [10] and [11]. Fig. 1 shows the layout for the
dumbbell-shaped DGS resonator. It consists of a single square
resonator whose pattern is etched in the ground plane of the
CPW with a slot width, c.

DESIGN OF DGS

Top-layer (copper)

Square
resonator

Figure 1. Schematic diagram of DGS (half symmetrical view)

This structure is designed using FR4 substrate with
dielectric constant, &, = 4.6, dielectric thickness, # = 1.6 mm,
copper thickness = 0.035 mm, and loss tangent 0.019. CPW
parameters are G/W/G = 0.715/4/0.715 mm in order to attain
50 Q of input line impedance. The dimensions of A, B, C and
D can be determined depending on resonant frequency and can
be calculated according to the literature in [4].

A. Design of DGS at 3.5 GHz

Fig. 2 (a) shows the geometrical layout for the DGS to
resonate at 3.5 GHz. The design is based on a single square
resonator and constructed using Momentum Advanced Design
System (ADS). The dimensions of the structure: A =7 mm, B
=7 mm, C =0.5 mm and D = 1 mm. The structure produces a
single transmission zero at 3.5 GHz. The photograph of the
fabricated DGS is shown in Fig. 2 (b), whilst the simulated and
measured responses are shown in Fig. 2 (c). It can be observed
that the insertion loss of -18 dB and a -10 dB bandwidth of
0.65 GHz are obtained particularly in the stopband. The
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experimental result is in good agreement with the simulated
response.
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Figure 2. (a) Layout of the DGS. (b) Fabricated DGS resonator. (c)

Electromagnetic (EM) and measured S-Parameters (S,,) results.

B. Design of DGS at 6.2 GHz

Fig. 3 (a) shows the geometrical layout for the DGS
resonator and constructed using Momentum Advanced Design
System (ADS). The dimensions of the structure: A =4.14 mm,
B =414 mm, C = 0.5 mm and D = 1 mm. The structure
produces a single transmission zero at 6.2 GHz. The
photograph of the fabricated DGS is shown in Fig. 3 (b),
whilst the simulated and measured responses are shown in Fig.
3 (c). It can be observed that the simulated return loss better
than -15 dB and a -10 dB bandwidth of 0.97 GHz are obtained
in the stopband. However, there is nevertheless a slight
difference between measured and simulated response, which is
due to the wvariations in manufacturing tolerance, thus
producing imperfection in terms of physical dimensions
differentiate between upper and lower square resonator.

196

(b)

)
[ =]

L
o
\

20
25— — S, Simulation Y
| e Sz Measurement
-30 u 1 ‘ 1 | 1 ‘ 1 | T | T ‘ T | T | T | T
0 1 2 3 4 5 6 7 8 9 10
freq, GHz
©
Figure 3. (a) Layout of the DGS. (b) Fabricated DGS3 resonator. (c)
Electromagnetic (EM) and measured S-Parameters (S,,) results.
III. DESIGN OF RECONFIGURABLE DGS TO PRODUCE TWO

TRANSMISSION ZEROS

When a PIN diode is introduced at the square resonator (as
shown in Fig. 4 (a), physical dimensions of the structure: A =
8.14 mm, B = 4.14 mm, C = 0.5 mm and D = 1 mm), the
structure produce two transmission zeros and in this case
approximately at 3.5 GHz and 5.5 GHz. This has due to the
square structure a short bridge (when PIN diodes are ON)
along its path causing the whole structure to separate into two

. . vl
basic structures, where each portion forms a Tgresonator that

is terminated by a short circuit [4]. Thus, each resonator
produces a single transmission zero at the corresponding
frequencies as shown in Fig. 4 (b). Two transmission zeros at
3.45 GHz and 5.55 GHz with insertion loss better than -17 dB
and — 13 dB have been obtained during the EM simulation.
The -10 dB bandwidths of 0.45 GHz and 0.7 GHz have also
been obtained, respectively. However, if the actual PIN diodes
are used, the two transmission zeros will shifted to lower
frequency due to the existence of series parasitic inductance in
the PIN diodes during the ON state.
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The structure can also be represented by the two parallel
RLC resonators (shown in Fig. 5 (a)) and the circuit diagram
response as shown in Fig. 5 (b) respectively. Two transmission
zeros at 3.5 GHz and 5.5 GHz have obtained during the ideal
circuit simulation. The -10 dB bandwidths of 0.5 GHz and
0.55 GHz have also been obtained, respectively.

The EM simulation performance of the reconfigurable
DGS (with PIN diode) shows promising results and it is
recommended to further verify during the experimental works
in a laboratory.

ST R
L L
L2 L3
L=1.928 nli {f} | L=1.05nH|{-t}
s o

(l;

+

T

[ L PINdiode

location

— PIN diode

( |2 location
(a)
m5 m6 m7 m8
0 ik
e Y T
5 \\\ i ! // \\\
VNI /\/
p— ooy 4 i
== [ I )i
. o 1 i
(2] Vo Yoog
win 0] T i
e 4
38 ik
Poas rﬂu’g
20 I S - S YR L L
0 1 2 3 4 5 6 7 8 9 10
freq, GHz
m3 m4 m5
freq=3.455GHz freq=5.547GHz freq=2.396GHz
dB(S(2,1))=-16.716 |dB(S(2,1))=-12.966 |dB(S(2,1))=-2.996|
dB(S(1,1))=-3.363
m6 m7 m8
freq=3.924GHz freq=4.792GHz freq=7.072GHz
dB(5(2,1))=-3.116 dB?S(2,1))=-3.12Q dB(5(2,1))=-3.018
dB(S5(1,1))=-9.988 |dB(S(1,1))=4.012 |dB(S(1,1))=-8.134

(b)

(S21) results.

Figure 4. (a) Layout of the DGS. (b) Electromagnetic (EM) S-Parameters
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Figure 5. (a) Equivalent circuit of the DGS, and (b) Circuit simulation
results.

IV. CONCLUSION

In this paper, the designs of defected ground structure
(DGS) resonator based upon coplanar waveguide (CPW)
technology have been presented. This involves the design of
two DGS (without PIN diode) to produce a single transmission
zero at 3.5 GHz and 6.2 GHz respectively. The simulated and
measured results show the structures exhibit good performance
particularly in the stop-band. The study has been further
explored by simulating the reconfigurable DGS by introducing
a PIN diode at the square resonator. The simulation
performance of the structure shows excellent results by
producing two transmission zeros and could be further verified
during the experimental works. Therefore, these configurations
of DGS could be integrated with any wideband microwave
components such as UWB microwave filter to produce
bandpass and bandstop characteristic in a single device
simultaneously in order to reduce and minimize the overall
physical volume and cost.
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