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Abstract: Recently, it has been discovered there was an emission of microwave radiation in 

advance of the lightning process. Therefore, a lot of researches focus on designing alarm systems 

that can detect and analyze these radiated signals. The previous designs based on commercial 

band-pass filters which have low accuracy factor and quite expensive as well as the detected 

signal were tiny in amplitude, thus higher efficiency filters are needed with a flat frequency 

response for passed band frequencies between 950 MHz to 1050 MHz in order to avoid the GSM 

band which generates a high interference to the mentioned detection system. In this research, a 

band-pass filter has been designed and tested for measurement with a center frequency of 1 GHz 

and by using Advance Design System (ADS) to be simulated and then fabricated on FR-4 

substrate. The measurement came with good compatibility to the simulation results at return loss 

of -34.747 dB and also the insertion loss of -3.83 dB. This design also works perfectly for the 

Lightning detection sensor of Narrow Bipolar Event (NBE). 
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INTRODUCTION 

Filters are key components for communication systems nowadays especially microstrip filters because it is a low 

profile filters and their ability to cover higher frequencies (microwave signals). Band-pass filters are types of 

filters that can allow a band of frequencies to be pass through its circuitry and suppressed the signals of other 

frequencies, the passband boundaries based on the filter specifications. A critical issue of choosing the right 

filter type at the frequency ranges of gigahertz is the impossibility to use lumped elements for such frequencies. 

Therefore a microstrip solution has been chosen which provides a compact design, easy to be integrated with 

other circuits such as amplifiers, and the ability to use different substrates in order to get different frequency 

responses. The major methods involved in the microstrip designs have Parallel coupled microstrip lines, stub 

lines, and Stepped impedance resonators. parallel coupled lines in microstrip filters can produce high-quality 

factor filters while stub lines used to produce broadband filters.(Al-Amin, Omar, & Chowdhury, 2016)(Al-

Shaikhli et al., 2018) 

Filter structures important frequency in RF and Microwave applications such as Satellite, mobile 

communication and microwave communication including systems, the microwave filter structures performance, 

such as small size and low price it is desirable to meet the requirements. High speed wireless local area 

networks (LAN) and global services such as positioning systems (GPS) and Bluetooth, which is concerned as 

Interoperability for microwave access (WiMAX) systems and Industrial science and medical (ISM) Systems at 

frequencies between 900 MHz to 6 GHz apply.(Moitra, Nath, Rout, & Bhowmik, 2017)(Verma, Srivastava, & 

Engineering, 2015).  

One of the ways to meet this need is the application to use for microwave filters. Most common preferred planar 

structure, manufactured in miniature sizes as well as high performance microstrip structures. Performance band 

for many applications intercepting loss level and selectivity filter Evaluate, for high performance and low loss, 

low selectivity as well as many applications in the flag significant delay in obtaining group delay bears. A dual 

transmission zero microstrip filters concerned to designing high performance structures which they are suitable 

for transmission, filter depending on the configuration of the structure whether real or virtual finite frequencies 

may be formed. Wireless communication systems and band pass filter is very important for filtering an 

important frequency.(Taghizadeh, Moloudian, & Rouzbeh, 2015)  
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Lightning is the natural sudden electronic discharge that happened occurs typically during the thunderstorm. 

This natural discharge occurs normally between electrically charged regions of a cloud (called intra-cloud 

lightning or IC), the other type between two clouds (CC lightning), or between a cloud and the ground (CG 

lightning).Most of lightning occurs within the cloud called intra-cloud (ICs) discharges. But it can also occur 

between different clouds called cloud-to-cloud (CCs) and most common occur between cloud-to-ground (CGs) 

lightning discharges.(Ahmad, Esa, Cooray, & Dutkiewicz, 2014) The foxing on cloud-to-ground (CG) lightning 

has been studied more than the other types of lightning because its more dangers on the human been (Moore, 

2015).  

 

 Band Pass filter (BPF) 

The band-pass filters are filters that allow a band of frequencies to pass and reject unwanted bands. They are 

used widely in wireless receivers as well as transmitters. The use of filters in the wireless transmitters is to limit 

the output band to the allocated band for transmission.(Chen & Liao, 2016) that will guarantee there will be no 

interference with other adjacent frequencies and to get rid of harmonic signals. On the receiver side, the use of 

BPF is to passes a selective frequency or band of frequencies for transmission to be decoded by other 

components of the receiver and suppressing the unwanted signals from other transmitters, and BPF has a good 

ability to optimize the signal to noise ratio to increase the system sensitivity. (Vaghela, Sisodia, & Prabhakar, 

2015) 

Well-designed BPFs in both transmitters and receivers systems will have an optimized response for mode and 

speed of communication, increasing the number of transmitters and minimize the number of interfering signals. 

(Al-Amin et al., 2016) 

 

 Data and methodology 

I.1.  Band Pass Filter design 

The proposed BPF was designed single band by using maximally flat lumped element filter circuit topology 

with resonance frequency from 0.8 GHz to 1.2 GHz, is shown in Figure 1. This conventional topology needs the 

relatively large inductance and small capacitance values. It causes its performance degraded due to large 

inductor area and unwanted EM coupling in 3D filter structure.(Garg, Pratap, & Gupta, 2016). 

 J-inverter then is used to transfer the resonator from serial type to shunt ones to avoid unwanted EM coupling in 

structural design. Then parallel-series type topology shows in Figure 1 is changed to its equivalent circuit shows 

in Figure 2. 

The circuit can be characterized by the following frequency dependence of input admittance, where w0 is the 

resonance frequency, and wp is the zero frequency, which given as follows 

 

 
 

The design of Band Pass Filter is 8th order operating frequency from 950 MHz to 1050 MHz by using ADS 

(Advance Design System) software as show in figure 1: 

 

 
Fig.1: The schematic of band pass filter design. 

 

https://en.wikipedia.org/wiki/Electrostatic_discharge
https://en.wikipedia.org/wiki/Thunderstorm
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Thundercloud
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Fig.2: The schematic of lamped Band Pass Filter. 

  

RESULTS AND ANALYSIS 

1.1 Band pass Filter results 

The Band Pass Filter designed by ADS software with 8
th

 order as showed in figure 3, to give more linearity and 

stability for the band pass filter and make it near to rectangular pulse, which can be achieve by increasing the 

number of orders. Table 1 showed the results of the simulation BPF parameters.  

 

 
Fig.3: The ADS S-Parameters results of the Band pass filter value. 

 

Table 1: the results of Simulation design Band Pass Filter (BPF) value. 
Parameter Value 

Frequency rang  800 MHz – 1200 MHz 

Operating Frequency 950 – 1050 MHz 

Bandwidth  100 MHz 

S (2,1), gain  -0.17 dB 

S (1,1), Return loss -30.48 dB 

For proceeding to fabrication, the schematic design must transfer to layout shape by ADS to git the momentum 

results first before the fabrication which giving more closest results to the reality, shows in figure 4:  
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Fig.4: Layout response of Band Pass Filter 

I.2.   Experiment results  

The final design done by using computer aid with software of “Advanced Design System” (ADS) and the 

produced layout printed on “FR-4” substrate of dielectric constant of εr = 4.7 and thickness of 1.6 mm, copper 

thickness is 0.035 mm and tangent loss 0.0009. the resonate frequency designed to be at 1 GHz. As shown in 

figure 5: 

 

 
Fig.5: The fabrication experimental results for Band Pass Filter 

 

The experimental results shows the S- parameters (S21) is -3.83 dB on 1 GHz due to the lossy of FR-4 material 

conception and the return loss S(11) is -34.747 dB on 1 GHz, which concern that the simulation results was too 

close to the reality results. 

Figures 6,7 below shows the device fabrication design and the laboratory measuring procedure. 



Taha Raad Al-Shaikhli et al/ A Highly Selective 8th Order Band-Pass Filter for Lightning Remote Sensing 
Applications 

 

Journal of Contemporary Issues in Business and Government | Vol 27, Issue 3, 2021                                 2323 

 

 
Fig.6: The fabrication design of Band Pass Filter 

 

 
Fig.7: The laboratory experimental for the fabricated Band Pass Filter 

 

 CONCLUSION 

The designing of the proposed Band Pass Filter has been projected, designed and simulated. The result shows 

that the comeback return loss achieves below -20 dB for the whole band and most (S11) is at -3.83 dB. The look 

is compared with previous accomplishment that designed exploitation microstrip technology. The bandwidth 

achieves is wider compared with different style. The design of Band Pass Filter introduces more flatting and 

without ripple and very low cost comparing with the commercial one. The proposed fabrication design will used 

in future for detecting in lightning remote sensing. 
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