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Abstract—A recently developed technique to design and model
isolated Defected Ground Structure (DGS) has been examined to
control coupling between two adjacent elements in a microstrip array.
This is the only technique that can handle isolated DGS and in
here, this is explored for the first time in microstrip antenna domain.
An X-band design is presented. A set of prototypes are used to
obtain measured data which are employed to verify the technique
experimentally for microstrip array.

1. INTRODUCTION

Defected Ground Structure (DGS) and its applications have been
discussed in a recent book [1]. A DGS is conventionally characterized
by its stop-band characteristics when it is placed beneath a microstrip
line and this has been popular for printed circuit applications.
Application of DGS to improve the radiation properties of printed
antennas has been a new topic initiated by this research group in
2005 [2]. The possibility of suppressing mutual coupling using DGS in
between two adjacent microstrip array elements was proposed in [3, 4].
This idea has been extended to specific application like reducing scan
blindness in microstrip arrays [5,6]. DGS was also explored to reduce
mutual coupling between dielectric resonator antennas [7]. In recent
years, different researchers have studied different DGS geometries

Received 14 December 2012, Accepted 12 February 2013, Scheduled 14 February 2013
* Corresponding author: Sujoy Biswas (s_rpe@yahoo.co.in).



110 Biswas and Guha

and configurations to reduce mutual coupling between microstrip
elements [8-11].

For mitigating mutual coupling, the DGS is placed in between the
radiating elements and is fully isolated from the antenna structure. But
no standard technique to characterize and design such isolated DGS
was known until [12]. Very recently, present authors have proposed
a realistic solution [12]. This has been tested in dielectric resonator
antenna (DRA) array. In this paper, we have examined this recently
developed technique [12] in microstrip array environment. We have
targeted to use open-ring DGS as in [12] for a pair of circular patches
operating in X-band. Schematic diagram is shown in Fig. 1. We have
designed and characterized the DGS, and have examined its suitability
in controlling mutual coupling in planar microstrip two element array
experimentally. Like [12], identical suppression by about 5 dB has been
demonstrated.

2. DESIGN AND CHARACTERIZATION

Two E-plane coupled circular microstrips, separated by a distance of
Ao/2, is shown in Fig. 1. This also depicts an open-ring DGS as applied
in [12], placed in between the two patches. Open-ring is chosen for
a couple of reasons. Firstly to maintain symmetry with the patch
geometry and secondly to compare with [12]. This open-ring geometry
is derived from a full ring DGS by truncating it at a distance of ¢, from
its outer boundary as indicated in Fig. 1(b). The ring is characterized
by the parameters like: outer radius rg, inner radius r;, ring width s,
and average ring radius r,, (= 7; + 0.5s). The design procedure of the
open-ring DGS is described below.

In here, the radius a, of the circular patch is determined using the
formulations derived in [13] and this should operate around 10 GHz.
The open-ring is concentric with one of the circular patches. To place
the DGS at the midpoint between two circular patches, mean radius
Tm of the ring is determined as r,,, = a, +0.5¢g = 7.5mm (a, = 5mm at
10 GHz for a substrate of thickness t4,;, = 1.575 mm, dielectric constant
Ersub = 2.3 and ¢ = 5mm). Out of rest two parameters s and t¢,,
freedom in choosing s is limited depending upon the space available
between the two patch antennas. For the present study, s is chosen as
1mm. The DGS needs to be characterized to determine the truncation
t, which creates a stop-band around the resonant frequency of the
patch, i.e., around 10 GHz. We have employed our technique proposed
in [12] to characterize this isolated DGS.

In this technique, the defect is placed midway in a microstrip line-
gap as shown in Fig. 2. The gap dimension ‘¢’ is equal to edge-to-edge
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Figure 1. Two coax-fed E-plane coupled circular microstrip patch
antennas with a open-ring DGS. (a) Top view. (b) Bottom view.

Parameters: tq, = 1.575mm, €, 4p = 2.3, s = r, —1r; = lmm,
ro = 8mm, r; = 7Tmm, t, = 12mm, e, = Smm, ¢ = 5mm,
p = 1.8 mm.

separation between two microstrip patches. Hence the defect is isolated
and can interact only with the electromagnetic energy propagating
through the dielectric medium across the gap g.

A DGS is considered as a resonant trap. The resonance property
is determined by the defect dimensions r,, s, and .. The effect of
varying t, (with r,, = 7.5mm and s = 1mm) on the transmission
characteristics of the line discontinuity (Fig. 2) is examined in Fig. 3.
Simulated data are obtained using [14]. In absence of any defect,
So1 increases monotonically with frequency. As soon as the DGS is
incorporated in line-gap, propagation of electromagnetic (EM) fields is
perturbed showing anomalous dispersion around DGS-resonance. This
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Figure 2. Open-ring DGS placed in between gap discontinuity in
a 50€) microstrip line. Parameters: w; = 4.9mm, &, 45 = 2.3,
tsup = 1.575 mm.
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Figure 3. Simulated S;; of a line-gap discontinuity in a 50
microstrip line with and without DGS. Parameters: ¢g = 5mm,
s = 1mm, r,, = 7.5 mm. Substrate thickness t4,; = 1.575mm, relative
permittivity of the substrate €, g, = 2.3.

is evident from the Ss; curves in Fig. 3 for varying ¢, values. So;
minima indicate resonances in DGS as a function of parameter ¢,. If
the same DGS is integrated beneath the microstrip line, this would
result in completely a different type of Ss; characteristics as shown in
Fig. 4. It is interesting to note that, the Ss; plots in Fig. 4 reveal
resonances identical to those obtained in Fig. 3, but in predicting
relative isolations, they differ significantly. Fig. 3, obtained by our
proposed technique [12], predicts around 5-6 dB isolation in the stop-
band region. But the earlier approach, shown in Fig. 4, indicates its
value of about 15-20 dB. Reliability of the proposed approach has been
verified in Section 3. It is also observed from Fig. 3 that by varying ¢,
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one can tune the DGS over a wide range of frequency without changing
rm or s value. For X-band design, ¢, = 12mm shows resonance
occurring around 10 GHz along with relative isolation by about 6 dB.

An equivalent circuit model for the DGS placed in a gap-
discontinuity of a microstrip line has also been developed for
understanding the behavior. Since a DGS traps energy over a
certain band of frequencies around resonance, it is modeled using a
parallel LCR circuit [15, 16], as shown in Fig. 5(a). Equivalent circuit
parameters can be calculated as [15].
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Figure 4. Simulated S9; characteristics of a 50§ continuous
microstrip line integrated with the DGS. Parameters as in Fig. 3 with
g=0.
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Figure 5. (a) Conventional parallel LCR equivalent circuit [15] of a
DGS. (b) Equivalent LCR circuit of the DGS and the gap discontinuity
in the 50 €2 microstrip line.
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where, Zj is the characteristic impedance of the line, which is usually
chosen as 502. Other two parameters, i.e., w. and wy are cut-off and
resonant frequencies, respectively, and g; is the Butterworth low pass
prototype filter element [17]. These are extracted from simulated Sa;
characteristics in Fig. 4.

Now, the DGS placed between a line-gap is modeled as shown
in Fig. 5(b). Like in Fig. 5(a), parallel LCR represents the defect;
equivalent components are determined using Egs. (1)-(3). The
microstrip line gap discontinuity is modeled using capacitances C, and
Cy [18]. Capacitance C), is used to model the fringing fields near gap
edges. Capacitance Cy across the line gap appears in parallel with the
defect. Coupling capacitances C.; and C.o play a significant role in
representing capacitive coupling between the line discontinuity and the
defect. Open ring DGS (¢, = 10.75 mm, r,, = 7.5mm, and s = 1 mm)
is used to verify the proposed circuit model. Calculated parameters
are: L = 1.27nH, C' = 0.26 pF, and R = 600€2. The capacitances C),
and Cj across of the gap discontinuity are calculated using formulations
in [18]. These capacitances along with the coupling capacitances C¢;
and Cgg are optimized using circuit simulation tool [19]. Basis of the
optimization is to match the circuit response of So; with that using
EM simulation [14] used for our study. The optimized values are:
Cp = 0.035pF, Cy = 0.02pF, C.y = 0.012pF and Cep = 0.012pF.
Proposed model of DGS with line-gap is verified for open ring DGS in
Fig. 6. Simulated S is compared with that obtained using equivalent
circuit model and they show excellent mutual agreement. Measured
So1 plot is added to confirm the verification experimentally.

R= (3)

3. EXPERIMENTS AND VERIFICATION

The design data, obtained in Section 2, have been examined and
experimentally verified. The fabricated prototype is shown in Fig. 7.
A similar prototype with normal ground plane is also fabricated and
measured for comparison. Agilent’s 8363B network analyzer is used for
the measurement. Measured S5 are compared with the simulated data
as shown in Fig. 8(a) and close agreement is revealed. Fig. 8(b) shows
measured S1; and Sy responses. About 5dB reduction in mutual
coupling is revealed near 10.4 GHz. This value closely corroborates the
predicted one shown in Fig. 3. Conventional approach indicated in
Fig. 4 greatly differs from the reality.
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Figure 6. Comparison of simulated, measured and theoretical (circuit
model) So; versus frequency for open ring DGS. t, = 10.75mm and
other parameters as in Fig. 3.
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Figure 7. Photograph of the Prototype. (a) Viewed from back-side.
(b) Frontside view during measurement.

There is another important aspect to be discussed here. So;
characteristics shown in Fig. 3 are not repeated in Fig. 8(a). The reason
is simple. Fig. 3 deals with the transmission of EM waves through
a band-stop filter around the DGS-resonance; but in Fig. 8(a), the
transmission (i.e., mutual coupling) takes place over a narrow band
around the patch-resonance. Therefore, primarily it is like a band-
pass operation. Now if a DGS having identical resonant frequency is
added, the mutual coupling is suppressed. Therefore, explicit band-
stop characteristics are not revealed and So; in Fig. 8(a) does not
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follow the same nature as in Fig. 3. The electrical phenomenon can
be pictorially demonstrated as in Fig. 9. The ground plane current
at resonance is quite indicative in the presence as well as absence of
a defect. Considerable sharing of fields between adjacent elements is
very prominent in the absence of the DGS. Presence of DGS greatly
reduces that field.

The DGS suppresses mutual coupling and at the same time
influences the radiation properties to some extent. An idea is obtained
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Figure 8. Measured data compared with simulated S-parameters for
the prototype in Fig. 7. (a) S2; versus frequency. (b) S11 and Sa
versus frequency. Parameters as in Fig. 1.
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Figure 9. Surface current on the ground plane. (a) Conventional
ground plane. (b) Ground plane with DGS. Parameters as in Fig. 1.
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Figure 10. Simulated radiation patterns of the two element microstrip
array. (a) E-plane, (b) H-plane. Parameters as in Fig. 1.

in Fig. 10. In either principal plane, the co-polarized patterns with
and without DGS are found to be almost identical over £100°. Beyond
that, some degree of back radiation is apparent. This back radiation
can be minimized over 50% by placing a secondary ground plane [3].
The peak gain is about 8dBi with normal ground plane and no
appreciable change in gain is observed with DGS. It is interesting
to note that the cross-polarized radiation in H-plane is considerably
reduced up to £70°. No change in the FE-plane cross polarized radiation
is observed.

4. CONCLUSION

An isolated DGS now can be accurately characterized and safely
implemented in practical design of microstrip antenna array. Open-
ring DGS is tested here. Other possible geometries may be explored
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for improved performance, especially to improve the suppression of
coupling and minimizing back radiation.
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