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Abstract

In this work, three successive filter models based on defected ground structure (DGS) techni-
ques are designed, fabricated, and tested to be utilized for different wireless applications. The
filters are printed on a RO5880 substrate of an overall size of 22 × 11 × 0.8 mm3. Three DGSs
are etched from the ground plane to achieve the suggested band stop features for all frequen-
cies above 10 GHz. The first model is a low-pass filter that succeeded to pass all frequencies
below 10 GHz, the second model is a bandpass filter that operated at 4.5 and 9 GHz after
using a pair of interdigital capacitors, and the third model covered all ultra-wideband fre-
quency range when a pair of lumped capacitors is utilized instead of the interdigital capacitors.
Good consistency between simulated and measured outcomes is achieved for each of the three
filters confirming their suitability to be embedded in small-sized wireless devices.

Introduction

With the rapid development of wireless communications, there is an urgent need for design-
ing microwave filters with various behaviors. More studies have been conducted to achieve
low-pass response of the filter as well as the bandpass behavior to satisfy the demands of
recent wireless technologies with constrained specifications like small occupied area, high
selectivity, enhanced roll-off rate, wide rejection band, and low passband insertion loss
[1–4]. There are different techniques to achieve the desired filter behavior such as defected
ground structures (DGSs) for achieving wide stopband behavior [5, 6] and also it can be
used to miniaturize the filter structure [7]. Moreover, the stepped impedance resonator tech-
nique can be utilized in designing bandpass filters (BPFs) for highly independent multiband
behavior [8], and for flexible bandwidth with an improved insertion loss [9]. The
substrate-integrated wave technique was utilized in [10] to achieve dual/triple passbands.
In [11], interdigital capacitors are used to achieve the desired bandpass behavior with an
extended rejection band and it is also utilized in the design of a BPF to cover the ultra-
wideband (UWB) frequency range from 3.1 to 10.6 GHz [12]. Two BPFs are introduced
in [13, 14] based on the open-loop resonator technique for WLAN/WiMAX applications.
Tunable filters are considered one of the demanded filters due to their vital role in adapta-
tion to the requirements of wireless systems such as reconfigurable or cognitive systems.
Recently, many tunable filters have been reported such as the reported Band stop filter
(BSF) in [15] which is based on a tunable epsilon-shaped metamaterial using a lumped cap-
acitor (connected in series) to achieve triple-band operation, also the same kind of lumped
capacitors (connected in shunt) can shift the obtained bandpass behavior to the lower-
frequency range causing a reduction in the filter size to more than 35% as in [16]. The
reconfigurability of the suggested filters in [17, 18] is carried out using PIN diodes to either
obtain dual-mode behavior or control the notched band, respectively.

In this paper, a DGS-based low-pass filter (LPF) is introduced to achieve a larger fre-
quency range up to 10 GHz and this is done by three etched DGS shapes from the
ground plane which operated as band stop filters in the range from 10 to 18 GHz.
Furthermore, two interdigital capacitors are inserted in the feedline of the aforementioned
designed filter to obtain a dual passband behavior at 4.5 and 9 GHz. In order to achieve a
wideband instead of the dual narrow bands when using two interdigital capacitors, two
lumped capacitors are embedded and the exact values are chosen after carrying out a
parametric study on capacitor values; finally two pairs of 1 pF capacitors are chosen to
cover a larger frequency range starting from 1.9 to 10 GHz with a low-level return loss
in the achieved passband range. Finally, the performance of each filter of the three sug-
gested filters is validated experimentally and it was confirmed that the results of the fab-
ricated filters and their simulated outcomes confirm the ability of the implemented filter
to be incorporated in modern wireless devices due to their competitive specifications with
the reported filters.

 1108 1116.,15

https://doi.org/10.1017/S1759078722001301 Published online by Cambridge University Press

https://www.cambridge.org/mrf
https://doi.org/10.1017/S1759078722001301
mailto:ahmedabdel_monem@mu.edu.eg
https://orcid.org/0000-0002-0136-7512
https://orcid.org/0000-0003-0896-9150
https://orcid.org/0000-0001-7122-0770
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1759078722001301&domain=pdf
https://doi.org/10.1017/S1759078722001301


DGS BSF (Band stop filter)/LPF

In this section, BSF/LPF based on DGS shapes is investigated. The
DGS shapes are etched in the ground plane to achieve the pro-
posed band-stop features. To achieve the proposed LPF from
BSF, multiple attenuation poles should be used. So, different
DGS shapes with different sizes should be used. Figure 1 shows
the S21 response of the DGS shapes. The fan-shaped with a larger
size is etched in the ground plane while the microstrip line with
50Ω is used on the other side of the substrate. The filter has
band stop behavior with attenuation pole ( fp) and 3-dB cut-off
frequency ( fc) corresponding to 14 and 11.7 GHz (the red-dashed
line). Furthermore, to increase the attenuation poles in the

stopband operation, DGSs with I-shaped and two backed
C-shaped with smaller sizes are used as shown in Fig. 1. The filter
has a band stop feature with two attenuation poles ( fp) and 3-dB
cut-off frequency ( fc) corresponding to 13.25, 16, and 11.5 GHz
for both bands (the solid black line). Finally, the smaller DGS
with fan-shaped can be used to achieve band stop behavior
with attenuation pole ( fp) and 3-dB cut-off frequency ( fc) corre-
sponding to 18 and 16.2 GHz (the blue-dotted line). The parallel
LC circuit can be used to model the DGS BSF. The values of the L
and C can be extracted using the below equations [19, 20]:

CS = 5fc
p( f 2p − f 2c )

pF (1)

LS = 250

Cs(pfp)
2 nH (2)

So, by combining the three DGS shapes as shown in Fig. 2, the
LPF from BSF can be generated as shown in Fig. 3. The three-
dimensional and two-dimensional views with the dimensions
are shown in Fig. 2. The filter has three DGS-shaped etched on
the ground of the substrate while a microstrip line with 50Ω is
printed on the top of the Roger 5880 substrate with εr = 2.2 and
thickness of 0.8 mm.

The equivalent circuit model of the proposed LPF is shown in
Fig. 3(a). As discussed before the DGS element can be modeled as
a parallel LC circuit, so four LC circuits are used to model the
DGS BSF shape as discussed above. The comparison between
the S-parameter responses of the electromagnetic (EM) and cir-
cuit simulation is shown in Fig. 3(b). It is obvious that the filter

Fig. 1. S21 response of different DGS shapes.

Fig. 2. DGS LPF configuration with L = 11 mm, W = 22 mm,
S1 = 0.2 mm, S2 = 0.1 mm, L1 = 5.5 mm, L2 = 2.95 mm,
L3 = 1.8 mm, L4 = 2.4 mm, and Wf = 2.4 mm.
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is LPF with passband operation up to 10.6 GHz and has wide
stopband operation up to 16 GHz because of the multiple attenu-
ation poles achieved by the DGS resonators. Also, a good trend
between the two results is achieved. The proposed filter is fabri-
cated and tested, and its fabricated photograph is illustrated in
Fig. 4.

The filter is tested using a test feature kit instead of soldering
two SMA connectors as shown in Fig. 4. The proposed filter is

tested using a Rohde & Schwarz ZVA 67 vector network analyzer
using 50-Ω ports to extract the filter’s S-parameter response as
shown in Fig. 5. It is clear from the measured results that the filter
is LPF with a passband extended up to 10 GHz and with a
stopband lower than −10 dB up to more than 16 GHz. Also,

Fig. 3. DGS LPF equivalent circuit analysis. (a) Equivalent circuit model with LS1 = 0.41 nH, CS1 = 0.315 pF, LS2 = 0.35 nH, CS2 = 0.42 pF, LS3 = 0.66 nH, CS3 = 0.147 pF,
LS4 = 0.186 nH, CS4 = 0.418 pF, CP = 0.316 pF. (b) S-parameter responses of the EM simulation and circuit simulation.

Fig. 4. Top and back views of the DGS LPF fabricated prototype. Fig. 5. S-parameter results of the simulated and tested of the proposed DGS LPF.
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there is a shift between the tested and simulated results due to the
fabrication process and the small gap dimensions of the cells
around 0.1 mm (human error) which can make some errors in
the testing.

LPF to dual and narrow bands DGS BPF transformation

In this section, LPF to BPF transformation is discussed using an
interdigital capacitor as a coupling element instead of using a gap
J-inverter [1]. The configuration of the proposed with an opti-
mized dimension of the BPF is shown in Fig. 6. The coupling
element is used to suppress the lower- and upper-frequency

Fig. 6. DGS narrow bands BPF configuration with S3 = 0.3 mm, S4 = 0.6 mm,
L5 = 1.8 mm, L6 = 2.4 mm, L7 = 2.1 mm, and W1 = 1.4 mm.

Fig. 7. DGS narrow bands BPF equivalent circuit analysis. (a) Equivalent circuit model with LS1 = 0.41 nH, CS1 = 0.315 pF, LS2 = 0.35 nH, CS2 = 0.42pF, LS3 = 0.66 nH,
CS3 = 0.147 pF, LS4 = 0.186 nH, CS4 = 0.418 pF, CP = 0.316 pF, CC1 = CC2 = 0.34 pF, LC1 = 1.45 nH, LC2 = 1.54 nH, CP1 = 1.39 nH, and CP2 = CP3 = CP4 = 0.939 pF.
(b) S-parameter responses of the EM simulation and circuit simulation.

Fig. 8. Top and back views of the DGS BPF fabricated prototype.
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bands of the signal. The same previous substrate is used in the
design. The capacitance of the interdigital capacitor is calculated
as [21]

CL = 3.937× 10−5LC(1r + 1)(0.11(n− 3)+ 0.252) pF (3)

where, CL, LC, and n are the capacitance, length, and the number
of fingers of the interdigital capacitor.

The value of the capacitance of the interdigital capacitor can be
controlled using its dimensions. So, the center frequency of the
dual bands can be controlled by changing its dimensions. The
interdigital capacitor can be modeled using the π section as illu-
strated in Fig. 7 [22]. The equivalent circuit model of the pro-
posed BPF is illustrated in Fig. 7(a) and the EM simulation in
comparison with the circuit simulation is illustrated in Fig. 7(b).
It is noticed that the filter is operated in two frequency bands
with a center frequency of 4.5 and 9 GHz. The S21 levels equal
2.1 and 2.2 dB, respectively. The stopband levels between the
two bands are lower than −15 dB. The filter has a stopband
lower than −15 dB from 10 up to 16 GHz. Also, a good trend is
achieved between the two simulators.

The proposed BPF is fabricated and tested, and its fabricated
photograph is illustrated in Fig. 8. It is seen from the measured
results that the filter is BPF with dual and narrow frequency
bands operated at a center frequency of 4.5 and 9 GHz, respect-
ively. The S21 levels of the passbands equal 2.2 dB in both the
bands. The stopband levels between the two bands are lower
than −13 dB. The filter has a stopband lower than −15 dB from
10 up to 16 GHz. Also, good matching is obtained between the
simulated and tested outcomes as illustrated in Fig. 9.

Proposed wide-band DGS BPF

To achieve wideband operation, enhance the filter response, and
achieve compact size, lumped capacitors are used as coupling ele-
ments between the input/output ports as illustrated in Fig. 10. The
lumped capacitors are used to suppress the lower band frequency.
The lower band suppression is controlled by changing the lumped
capacitor capacitance as shown in Fig. 11. From Fig. 11 it is clear
that by increasing the capacitance of the lumped capacitor from
0.5, 1 , and 1.5 pF, the lower-frequency band can be shifted down from 3.5 to 2 and 1.5 GHz respectively. Also, the passband

and reflection coefficient responses are enhanced by increasing
the capacitance values. The capacitance of 1 pF is used in the
fabrication.

The equivalent circuit model of the proposed BPF is illu-
strated in Fig. 12(a) and the EM simulation in comparison
with the circuit simulation is illustrated in Fig. 12(b). It is
noticed that the filter has a wide band operation with a band-
pass feature extended from 2 up to 10.6 GHz. The S21 levels
of the passband equal 0.5 dB. The filter has a stopband lower
than −15 dB from 11 up to 16 GHz. Also, a good trend is
achieved between the two simulators. The electric field distribu-
tion of the proposed filter at 8 and 14 GHz inside the substrate
is illustrated in Fig. 13. At 8 GHz (passband) the electric field is
transferred from port 1 to port 2 while at 14 GHz (stopband)
the electric field did not reach port 2.

The proposed BPF is fabricated and tested, and its fabri-
cated photograph is illustrated in Fig. 14. It is obvious from
the tested results that the filter has a wideband operation
with a passband starting from 1.9 up to 10 GHz as illustrated
in Fig. 15. The S21 levels of the passband equal 0.8 dB. The fil-
ter has a stopband lower than −15 dB from 10 up to 16 GHz.Fig. 9. S-parameters of the simulated and tested results of the proposed DGS BPF.

Fig. 10. DGS wide-band BPF configuration with lumped capacitors.

Fig. 11. S-parameter responses of DGS wide-band BPF configuration with different
values of lumped capacitors.
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Fig. 12. DGS wide-band BPF equivalent circuit analysis. (a) Equivalent circuit model with LS1 = 0.41 nH, CS1 = 0.315 pF, LS2 = 0.35 nH, CS2 = 0.42 pF, LS3 = 0.66 nH, CS3 =
0.147 pF, LS4 = 0.186 nH, CS4 = 0.418 pF, CP = 0.316 pF, and CC = 1 pF. (b) S-parameter responses of the EM simulation and circuit simulation.

Fig. 13. Distribution of the electric field inside the sub-
strate at port 1 of the DGS wide-band BPF: (a) at 8 GHz
and (b) at 14 GHz.

International Journal of Microwave and Wireless Technologies 1113

https://doi.org/10.1017/S1759078722001301 Published online by Cambridge University Press

https://doi.org/10.1017/S1759078722001301


Also, good matching is obtained between the simulated and
tested outcomes. However, a small shift is noticed especially
at the upper-frequency band due to the reasons mentioned
above in the “LPF” Section. Finally, it is concluded that BPF
responses are achieved by using LPF responses without chan-
ging the filter size.

Table 1 compares the suggested filters with the others. The
suggested filters have a compact size with high performance
which makes it to be a good choice for small-size wireless
applications.

Conclusion

In this paper, three compact LPF/dual-BPF/UWB-BPF of a size
of 22 × 11 × 0.8 mm3 have been designed, fabricated, and then
measured to validate their simulated outcomes. LPF behavior
(0–10 GHz) has been achieved after etching three DGSs from
the ground plane. Furthermore, a pair of interdigital and
lumped capacitors has been utilized to achieve the dual-band
(4.5 and 9 GHz) and the extended UWB (1.9–10 GHz) opera-
tions, respectively. The obtained results have verified that the
suggested filters have advantages in insertion loss, selectivity,
and wide stopband which are very attractive features in modern
wireless systems.

Fig. 14. Top and back views of the DGS wideband BPF fabricated prototype.

Fig. 15. S-parameters of the simulated and tested results of the proposed wideband
DGS BPF.
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