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Abstract: According to this study, a defective ground structure (DGS) with an ideal switch can be used to create a
bandstop to allpass filter for 5G applications. The redesigned Hairpin DGS's bandstop and allpass responses are
mathematically investigated in this paper. Utilising an ideal switch via open circuit and short circuit conditions on
DGS, the convertible filter is operated. Therefore, the filter's performance in terms of return loss, attenuation, and
insertion loss is simulated. As a result, the filter operates at 25.875 GHz in open circuit condition with a
narrowband (2.16 GHz) bandstop response at 10 dB and a maximum attenuation of 29.5 dB, and at 26 GHz with a
wideband allpass response and return loss greater than 10 dB. As a result, the filter is appropriate for 5G
applications that use millimeter-wave RF front-end systems.

Keywords: Defected ground structure, bandstop to allpass, convertible filter, millimeter-wave

1. Introduction

Wireless communication networks are now complex and dynamic as a result of the need for faster data rates as
well as the assignment of the radio spectrum band at higher frequencies. This is demonstrated by the use of newly
developed 5G technology in the millimeter-wave (mm-wave) spectrum [1]. The FSS satellite, however, experiences
interruption via numerous IMT-2020s (5G communication standard) in the mm-wave frequencies, illustrated in [2], and
therefore this novel approach will clash with today's technology.

A cognitive radio (CR) is therefore important for 5G mm-wave communications to minimise potential
interruptions. As a consequence, there are numerous approaches to interference mitigation in CR systems, including
spectrum sensing algorithms based on energy detection [3], collaborative spectrum detection for reducing interruption
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as well as enhancing the utilisation of the unoccupied radio spectrum [4], multi-hop multiple input multiple output
(MIMO) decode-and-forward transmitting processes [5], interruption management techniques for device-to-device
(D2D) applications [6], and ultra-wideband.

Additionally, CR front-end systems need adaptable components like filters [8] and antennas [9] to enable multi-
channel, multi-band, and multipurpose tasks while also providing an interference mitigation solution. To directly
minimise interruption within the front-end receiver, this technique is referred to as active interruption rejection [7].
Therefore, as mentioned in [8] and [9], it is crucial to have a good network or system controlled via varactor or
PIN diodes.

Research is being done on the utilisation of DGS in RF design for particular purposes or parameter alterations.
DGS utilisation alters the microstrip line's directed wave characteristics, which change the propagation constant and
produce responses that function as a bandstop filter [10]-[12]. DGS therefore has a lot of potential for increasing
bandwidth, shrinking size, reducing insertion loss, and enhancing return loss [13]-[17].

In order to support mm-wave communications, such as 5G technology, a defective ground structure (DGS) with an
ideal switch is presented in this study for the 26 GHz band. The filter was created for the CR system, specifically for
use in the 26 GHz band for 5G communications. Additionally, a mathematical analysis for the transition between
bandstop and allpass responses is presented and explored in this study.

2. Mathematical Analysis of DGS with Ideal Switch

A DGS corresponding circuit with an ideal switch that acts as a switching component within allpass and
bandstop responses is displayed in Fig. 1. According to [18], the corresponding circuit for DGS is a straightforward
parallel L and C. Consequently, the DGS impedance is given as
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Now take into account an OFF state, wherein the DGS ideally ought to be open circuited. As a consequence of this,
the DGS performs like a bandstop. Next, the DGS's transmission matrix (ABCD) is

1 —L’Lz
_ — 2
[TDGS] = 1-oLC (2
0 1

The bandstop response of S21 is determined by (2) utilising conversion between ABCD and S-parameters.
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The transmission line of the DGS has a characteristic impedance known as Zy. It is clear from (3) that the L and C
components are responsible for the bandstop's notch if Zy = 1 which is a normalize impedance. After that, the DGS's
resonance frequency can be discovered when
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where fj is the resonant frequency in Hertz. The Sy in (3) at OFF state also determined by condition in (4) and thus
becomes
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It is clear from (6) that a bandstop response can be constructed with optimally high attenuation.
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Fig. 1 - DGS circuit model with the ideal switch

The following analysis takes into account an ON state, where the DGS is meant to be shorted. The DGS responds
as an allpass as a result. [18] asserts that the dumbbell DGS's rectangular portions improve effective inductance and
current path length. In the meantime, the slot section builds up charge, thus raising the microstrip line's effective
capacitance. The allpass response can therefore theoretically be formed if either of the two elements of L or C are zero.
Given that the rectangular sections of the DGS were short-circuited in the ON state, L is zero, and let Zy = 1 thereby is a
normalised impedance, then the S>; of (3) in the ON state becomes

2
= —=]= @
S21 1 0dB

According to (7), an allpass response can be created with a perfect zero insertion loss.

Further research with respect to any electronic design automation (EDA) software is required for any type of DGS
based on the mathematical analyses for the purpose of converting it among allpass and bandstop responses. The
placement of the effective inductance and capacitance for ideal switches vary depending on the type of DGS.

3. DGS with Ideal Switch Design

The ideal switch notion is the foundation of the convertible DGS architecture. A short circuit condition (passive
DGS) and an open circuit condition (active DGS) are the two main layouts for DGS. As shown in Fig. 2(a), the Hairpin
DGS base from [19] is modified and hence depicted in Fig. 2(b) with a shorted copper sheet is added to the DGS,
causing it to become in a short circuit condition. It must be modified in order for it to function in the mm-waveband.
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Fig. 2 - Modified Hairpin DGS layout for (a) active DGS (open circuit) and (b) inactive DGS (short circuit)

The DGS are implemented in the filter design, and Fig. 3's top and bottom views show the complete circuit
structure for open circuited DGS. The DGS is placed underneath the transmission line in the ground plane.

In order to preserve the DGS independent of the layout ground, capacitors have been inserted adjacent to and
beside it, as depicted in Fig. 3(a). Future designs must follow this procedure when PIN diode biasing is required for an
automated switch among the filter's bandstop and allpass modes. As an RF choke, the radial stub that connects to the
DGS's enclosed area prevents any radio wave from disrupting the PIN diode's biasing source.

The same setup was used for the filter design with shorted DGS. The microstrip line model mentioned in [20] was
used to create both filters in EDA software. The use of a Rogers RT/Duroid 5880 substrate with a relative dielectric
constant, g of 2.2 and 0.254 mm thickness allowed for the realisation of convertible filters with ideal switch DGS. The
performance of the filter design in terms of attenuation, insertion loss, and return loss was also simulated using the
software.
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Fig. 3 - Convertible filter with the ideal switch DGS from (a) top view and (b) bottom view

4. Results and Discussion

The results of the convertible filter simulation utilising Hairpin DGS with ideal switches are shown in Fig. 4. The
open circuit condition filter worked in the 26 GHz range, with a maximum attenuation level (S21) of 29.5 dB and a 2.16
GHz attenuation response bandwidth at 10 dB level. Comparing the DGS circuit size to its original in [19], it is also
small. The large attenuation magnitude and narrow bandwidth result can significantly increase the frequency selectivity
of the filter. Additionally, the return loss (S11) is lower than 2 dB, suggesting that the DGS has an impact on reverting
the EM wave to its supply while boosting the bandstop characteristics of the filter. The short circuit state has rendered
the filter's DGS effect inactive, resulting in a broadband allpass response that has an insertion loss (S21) of roughly 0.5
dB and more than 10 dB of return loss (Sn()).
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Fig. 4 - Simulated results of S11 and S21 for the filter with DGS in open circuit and short circuit
conditions

The attenuation and insertion loss analyses in (6) and (7) are said to be consistent with the simulated results in Fig.
4, since the results demonstrated that high attenuation (approximately 30 dB as relative to oo dB) and relatively
small insertion loss (around 0.5 dB as relative to 0 dB) were accomplished.

The outcomes of their electric field (E-field) pattern can likewise be analysed to characterise the S;; and S
behavioural responses of the convertible filter for both open and short circuit conditions, as shown in Fig. 5. An open
circuit condition results in a clearly centred E-field that is reflected back to the source, producing an outstanding
bandstop filter response. The E-field, however, can be transmitted when a DGS filter has a short circuit situation, acting

as an allpass filter.
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Fig. 5 - E-field pattern of the filter with the ideal switch DGS under the following two conditions: (a)
open circuit and (b) short circuit

5. Conclusion

The simulation analysis satisfactorily indicates that the convertible filter utilising DGS may apply open circuit and

short circuit conditions with an ideal switch to switch between bandstop and allpass responses. For the DGS during
bandstop response with narrowband qualities, there is good agreement between the results of the mathematical and
simulation assessments for S11 and S21. Additionally, the outcomes are calculated for an allpass response with
wideband characteristics in the 26 GHz region when the DGS is shorted. To replace the ideal switch with real switching
components, like PIN diodes, for practical applications in mm-wave 5G telecommunications, more research is required.
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