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Abstract—A new one-dimensional (1-D) defected ground unit
lattice is proposed in order to improve the effective inductance. In-
creasing the effective inductance makes it easy to control the cutoff
frequency characteristics. The proposed periodic defected ground
structure (DGS) provides the excellent cutoff and stopband char-
acteristics. In order to show the improved the effective inductance,
three DGS circuits were fabricated with identical periodic and dif-
ferent dimensions. Measurements on the fabricated DGS circuits
show that the cutoff and stopband center frequency characteris-
tics depend on the physical dimension of the proposed DGS unit
lattice.

Index Terms—Cutoff frequency, defected ground structure
(DGS), effective inductance.

I. INTRODUCTION

T HE photonic bandgap (PBG) research was done in
the optical fields originally, but the photonic bandgap

structures can be applied to wide frequency ranges including
the microwave frequency band by properly scaled dimension.
Recently, there has been an increasing interest in microwave
and millimeter-wave applications of PBG [1]–[3]. A photonic
bandgap structure, which has a period, has been known as
providing rejection of certain frequency bands, i.e., bandgap or
stopband effect [4]–[6]. However, it is difficult to use a PBG
circuit for the design of the microwave or millimeter-wave
components due to the difficulties in finding of its equivalent
circuit and parameters. There are too many design parameters,
which effect on the bandgap properties, such as the number
of lattice, lattice shapes, lattice spacing, and relative volume
fraction.

In this letter, the novel etched lattice shape is proposed as
a defected ground structure (DGS) unit cell, which also pro-
vides the bandgap or stopband with different manner of a PBG.
The proposed DGS unit lattice provides the cutoff frequency
characteristic due to the effective inductance of the etched lat-
tice. Changing the physical dimensions of the etched lattice can
easily control the effective inductance. It provides the rejection
of the some frequency band, which is can be called bandgap or
stopband effect. This letter can explain the stopband effect of a
DGS by employing the equivalent circuit of the proposed DGS
unit lattice. Furthermore, we simulated the proposed DGS unit
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Fig. 1. Three-dimensional view of the proposed DGS unit lattice, which is
etched in the ground plane of a microstrip line.

Fig. 2. SimulatedS-parameters for the proposed DGS unit lattices. The gap
distanceg is 0.2 mm for all cases. The lattice dimension isa = b = 1:3 mm,
a = b = 2:5 mm, anda = b = 4:6 mm, respectively.

lattice with different dimensions in order to show the variation
of the effective inductance. We have implemented three DGS
circuits, which consist of the five unit lattices, with different
physical dimension and identical period, respectively. The re-
sults are comparable with the measured data described in [4].

II. DGS UNIT CELL CONFIGURATION

Fig. 1 shows the proposed etched lattice for the DGS circuit,
which is located on the ground metallic plane. The line width is
chosen for the characteristic impedance of 50-microstrip line.
Three DGS unit circuits without any period were simulated with
the different dimension. In order to investigate only the varia-
tions of the series inductance, the etched gap, which is related
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TABLE I
EXTRACTED EQUIVALENT CIRCUIT PARAMETERS FOR THEPROPOSEDUNIT DGS SECTION. THE GAP DISTANCE g IS 0.2 mmFOR ALL CASES

Fig. 3. Three-dimensional view of the proposed DGS structure with one-dimensional period.

with the gap capacitance, was kept constant to 0.2 mm for all
three cases and the etched square area was varied. The simula-
tion results are shown in Fig. 2. From Fig. 2, it can be seen that
employing the proposed etched lattice increases the series in-
ductance to the microstrip line. This effective series inductance
introduces the cutoff characteristic at a certain frequency. As
the etched area of the unit lattice is increased the effective se-
ries inductance increases, and increasing the series inductance
gives rise to a lower cutoff frequency, as seen in Fig. 2. There
are attenuation poles in simulation results on the etched unit lat-
tices. These attenuation poles can be explained by parallel ca-
pacitance with the series inductance. This capacitance depends
on the etched gap below the conductor line, which is noted as
in Fig. 1. Thus, the equivalent circuit of the proposed etched unit
lattice can be expressed as parallel LC circuit. The capacitance
values are identical for all cases due to the identical gap distance.
As the series inductance is increased the resonance frequency of
the equivalent parallel LC circuit, which is the attenuation pole
locations and the cutoff frequency becomes lower. Simulation
results seen in Fig. 2 pertinently show the variation of the effec-
tive inductance for the proposed lattice cells. Table I presents the
extracted equivalent circuit parameters for simulated unit DGS
sections. The equivalent circuit and extraction of circuit param-
eters for proposed DGS circuit is detailed in [7].

III. M EASUREMENTS ANDRESULTS

The proposed DGS circuit, which is composed of the
five-etched lattices, is shown in Fig. 3. In this letter, we try to
compare the measurement results with those of the circular

lattice cases, which are described in [4]. Three DGS circuits for
measurements have been fabricated using TACONIC CER-10
with 62-mil thick (1.5748 mm) and dielectric constantof 10.
The period was kept constant to 5 mm for all three circuits.
The etched rectangular area was varied with keeping the square
shape. In order to compare the stopband effect of the proposed
DGS circuit with previous results, the etched square area was
chosen by corresponding to etched circle areas described in [4].
A line width of 1.46 mm was used, corresponding to 50-line
for conventional microstrip line.

Measured results for three fabricated DGS circuits are shown
in Fig. 4(a)–(c). For smaller square area the cutoff frequency is
very high. As the etched area is increased the cutoff frequency
becomes lower. Based on previous research, the measured re-
sults with constant number of periods show that depth and band-
width of the stopband depend on the circle radius. In general,
the stopband center frequency is a function of the period of the
structure. However, the measurements on the proposed DGS cir-
cuit show that cutoff frequency and stopband characteristic de-
pend on the etched square dimensions. The period of the pro-
posed DGS defect affects slightly on the stopband center fre-
quency compared with its dimension. The depth and bandwidth
of the stopband for the proposed DGS circuit are inclined to
depend on the number of period. The etched square area, which
determines the effective inductance, characterizes the cutoff and
stopband frequency characteristics of the newly proposed DGS
structure. The center frequency of stopband for the proposed
DGS structure is determined by the resonance frequency of each
etched lattice cell. Thus, the cutoff and stopband characteristics
for the proposed DGS structure can be easily estimated. Radi-
ation loss could be occurred in some frequency range due to
the etched defected area in ground plane. However, addition of



KIM et al.: NOVEL 1-D PERIODIC DGS FOR PLANAR CIRCUITS 133

(a) (b)

(c)

Fig. 4. MeasuredS-parameters for the fabricated DGS circuits. The lattice dimension is (a)a = b = 1:3 mm, (b)a = b = 2:5 mm, and (c)a = b = 4:6 mm.

the reflected and transmitted power in the first propagation fre-
quency band shows very low radiation level from the ground
plane compared with a reported PBG circuits.

IV. CONCLUSION

We proposed the novel etched lattice shape for the one-di-
mensional (1-D) DGS structure. The proposed DGS structure
provides the cutoff frequency characteristic due to the effec-
tive inductance of the unit lattice, which is etched on microstrip
ground plane. The proposed DGS structure is easier to control
the cutoff and stopband characteristics by changing the dimen-
sions and to fabricate. And it is much easier than circular peri-
odic cases to analyze proposed periodic structure with finite-dif-
ference time-domain (FDTD). It is possible for the newly pro-
posed PBG structure to apply to coplanar waveguide (CPW) and
strip line for MMIC applications.
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