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Abstract: Filters play a very important role in maintaining the signal quality, reducing interference 
and maximum use of allocated spectrum for 5G applications. To address specific frequency bands 
a proper design of filter is implemented. In the proposed work, a band pass filter is designed for 
isolating signals in heavy frequency environments and it allows frequencies within specific 5G 
applications. The proposed band pass filters uses stub loaded impedance resonator to achieve 
desired response.  The rectangular slots in the resonator are used to improve tuning and for 
optimizing performance of communication systems. The slots in filters are helpful in rejecting 
unwanted frequency bands and can achieve improved selectivity. The design of band pass filter is 
designed on polyamide substrate with thickness 0.15mm and surface area is 9.5x11mm2 using 
HFSS software. The simulated return loss and insertion loss are achieved as     -23dB and -1.15dB 
at centre frequency 31.00GHZ. 
Keywords:- Bandpass filter,HFSS,5G,polyamide. 
 
I.INTRODUCTION 

In wireless communication systems, filters play a crucial part in providing security, 
reliability and compatibility with advanced communication technologies. Filters are essential in 
maintaining multiple devices are connecting to each other ensuring that they can communicate 
with each other effectively.5G communications aims in providing high speed, high latency and 
reliable communication which requires control over the spectrum and management of signals. 
Thus filters play a crucial part in providing all these requirements. 

The Federal Communications Commission (FCC) allocated several frequency bands in US 
which includes low-band (sub-1 GHz), mid-band (1-6GHz) and high-band (mm wave above 
24GHz) frequencies for 5G applications. Among all the millimeter wave frequencies provides high 
data rates for short distance and high speed data in urban areas. The design of resonator filter for 
mm wave frequencies requires high precision and stability because a small deviation also can affect 
the performance at high frequencies. Therefore, filters are designed with miniaturized size 
maintaining filtering capabilities which has an adverse effect in 5G applications. 

Even though many filters like bandpass filters, duplexers, Microstrip band pass filters, 
dielectric filters etc are available for high frequency signals. Among all microstrip band pass filters 
offers advantages for 5G with antennas in providing flexibility, compact size, cost effectiveness, 
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enhancing signal quality. It can also provide excellent matching between antenna and transmission 
line in improving power transmission. To characterize any filter performance two important 
parameters that are to be considered are insertion loss and return loss. For 5G applications it uses 
printed transmission lines on a substrate which is called as microstrip bandpass filters. 

 
II. PROPOSED FILTER DESIGN 

Microstrip BPF design has become critical because it has to handle high data rates, low 
latency, reliable signal transmission and reception. At high frequencies BPFs are widely used in 
communication systems because of its ability to select desired range of frequencies and it is 
essential when multiple signals are transmitted or received simultaneously. The physical properties 
and parasitic effects are to be taken care in the design. Inductors and capacitors forms the resonant 
circuit which effects pass band and stop band characteristics. Microstrip line is used a transmission 
line due to the ease of integration with PCB technology. 

The proposed BPF has stub loaded impedance resonator to achieve desired response as 
shown in fig.1. 

 
                                   Fig.1: Proposed BPF 

 
The selection of substrate plays a key role in filter design. The filter is designed and 

simulated on polyamide substrate with dielectric constant r =2.2 and thickness h=0.15mm.The 

design and optimization of filter performance is done using HFSS software. In order to make filter 
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compatible with RF components without any changes ground plane is placed on the same substrate. 
The dimensions of designed filter are shown in table1: 

 
S.No Parameter Value(mm) Sl.no Parameter Value(mm) 
1 A 9.5 9 I 1.3 
2 B 0.5 10 J 2 
3 C 1.9 11 K 0.6 
4 D 1.65 12 L 1.65 
5 E 1 13 M 1 
6 F 1 14 N 0.75 
7 G 0.5 15 O 0.5 
8 H 2.25 16 P 2.5 

                                 Table.1: Dimensions of proposed BPF 
 

III. DESIGN CONSIDERATIONS OF BAND PASS FILTER 
In the design of stub loaded impedance resonators chebyshev filters are used because of its 

sharp cutoff characteristics. Also stubs are loaded at proper position with proper length to enhance 
stop band attenuation and to obtain better rejection of unwanted signals. The design is modeled 
where the inductors and capacitors are connected alternately as series and shunt configurations 
forming a ladder which leads to overall frequency response of a filter. The frequency response is 
determined by the LC values and their arrangement. Higher order network provide better stop band 
attenuation. 

The slot widths between two low impedance sections will affect the S-parameters. The 
electrical length of low impedance sections Z1 and high impedance sections Z2 are designed to 
achieve total electrical length which is resonated at desired resonant frequency. Depending on the 
dielectric constant of a substrate electrical lengths are converted to physical lengths using the 
effective wavelength in the transmission line. 

                      
eff

g 
 0                                                    (1) 

where 0 is wavelength in free space 

           eff  is effective dielectric constant 

          The impedance ratio influences the resonant frequency and bandwidth of BPF. The 
electrical lengths are related to frequency as 

111 l   and 222 l                                             (2) 

The condition for determining the resonant frequency is  
   tanθ1=Rcotθ2 (odd-mode) at f=f1                            (3) 
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     cotθ1= - Rcotθ2 (even mode) at f=f2   where R=
1

2

Z

Z
                                      (4)                                          

 
                                            Fig 2. Proposed filter equivalent circuit 
In the proposed micro strip Band pass filter, polyamide material is used as a substrate which 

has dielectric constant 3.4r ,thickness =0.15mm and loss tangent =0.004 to operate at mm wave 

bands. The width of the substrate is calculated by using  
                  (5) 
                                 

And the effective dielectric constant 
is calculated by using 

                               
2

1

101
2

1

2

1








 







w

hrr
eff

                                   (6) 

 
Thus by changing the width and length in the design can achieve optimized performance.  
 
IV. SIMULATION RESULTS 

The suggested Band pass filter using stub loaded impedance resonates at mm wave frequencies 
i.e at 31GHz for 5G applications. The performance parameters of filter include return loss and 
insertion loss. The return loss (S11) and Insertion loss (S21) are achieved as -23.8db and -1.15dB 
around center frequency. The VSWR is 1.13 and surface current distribution is also shown in 
fig.6.The filter is designed on a polyamide substrate with thickness 0.15mm and loss tangent 
0.004.Open circuited stubs are placed along main transmission line between two low impedance 
sections to achieve desired resonance. 
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Fig 3: Return loss of BPF      

 
Fig 4: Insertion loss of BPF 
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Fig 5: VSWR Plot 

 
Fig 6: Surface Current Distribution in a filter 

 
V.CONCLUSIONS 

The design of Band pass filter with stub loaded impedance resonator for 5G applications 
is proposed. The proposed Band pass filter realized the pass band of 31.0GHz. Stub loaded 
impedance resonators are used to enhance the stop band attenuation and allows the desired signal 
frequencies. Furthermore, the filter can be integrated with antennas, microwave devices and Rf 
circuits. 
REFERENCES: 
Electronics Letters., vol. 53, no. 10, pp. 661–663, May 2017. 
[1].M.Zhao and Y.Zhang “Compact wearable 5GHz flexible filter”, Electronics letters, vol 53,no. 
10,pp 661-663,May 2017. 



Vol. 21, No. 1, (2024) 
ISSN: 1005-0930 

 

JOURNAL OF BASIC SCIENCE AND ENGINEERING 

1575 
 
 

[2].  F. Wei, W. T. Li, X. W. Shi and Q. L. Huang, “Compact UWB bandpass filters with triple-
notched bands using triple mode stepped impedance resonator,” IEEE Microwave and Wireless 
Component Letters, vol. 22, no. 10, pp. 512–514, Oct. 2012. 
[3]. H. Wang, L. Zhu, and W. Menzel, Ultra-wideband bandpass filter with hybrid microstrip/CPW 
structure, IEEE Microwave Wireless Component Letter 15 (2005), 844– 846 
[4] .Kaushik annam. “design of bandstop filters using defected ground structures” 2015. 
[5]. Hou Z, Liu C, Zhang B, Song R, Wu Z, Zhang J, He D. Dual-/Tri-Wideband Bandpass Filter 
with High Selectivity and Adjustable Passband for 5G Mid-Band Mobile Communications. 
Electronics. 2020; 9(2):205. 
[6]. Liu, C.; Deng, Z.; Liu, X.; Luo, X. A Wideband Bandpass Filter with Broad Stopband and 
Ultra-Wide Reflectionless Range for 5G Applications. In Proceedings of the 2019 IEEE MTT-S 
International Microwave Symposium (IMS), Boston, MA, USA, 2–7 June 2019; pp. 834–837. 
[Google Scholar]. 
[7]. Ai, J.; Zhang, Y.; Xu, K.; Li, D.; Fan, Y. Miniaturized Quint-Band Bandpass Filter Based on 
Multi-Mode Resonator and λ/4 Resonators with Mixed Electric and Magnetic Coupling. IEEE 
Microw. Wirel. Compon. Lett. 2016, 26, 343–345. [Google Scholar] [CrossRef] 
[8].Ren, B.; Liu, H.; Ma, Z.; Ohira, M.; Wen, P.; Wang, X. Compact Dual-Band Differential 
Bandpass Filter Using Quadruple-Mode Stepped-Impedance Square Ring Loaded 
Resonators. IEEE Access 2018, 6, 21850–21858. [Google Scholar] [CrossRef] 
[9].Xu J., Wu W., Miao C. Compact microstrip dual-/tri-/quad-band bandpass filter using open 
stubs loaded shorted stepped-impedance resonator. IEEE Trans. Microw. Theory 
Tech. 2013;61:3187–3199. doi: 10.1109/TMTT.2013.2273759. [CrossRef] [Google Scholar] 
[10]. Weng M.H., Ye C.S., Su Y.K., Lan S.W. A new compact quad-band bandpass filter using 
quad-mode stub loaded resonator. Microw. Opt. Technol. Lett. 2014;56:1630–1632. 
doi: 10.1002/mop.28403. [CrossRef] [Google Scholar] 
[11]. Gao L., Zhang X.Y., Zhao X.L., Zhang Y., Xu J.X. Novel compact quad-band bandpass filter 
with controllable frequencies and bandwidths. IEEE Microw. Wirel. Compon. Lett. 2016;26:935–
937. doi: 10.1109/LMWC.2016.2558038. [CrossRef] [Google Scholar] 
[12]. Zhou K, Zhou CX, Wu W (2017) Substrate-integrated waveguide dual-mode dual-band 
bandpass filters with widely controllable bandwidth ratios. IEEE T Microw Theory 65: 3801–
3812. https://doi.org/10.1109/TMTT.2017.2694827 
[13].  Zhang W, Ma K, Zhang H, Fu H (2020) Design of a Compact SISL BPF With SEMCP for 
5G Sub-6 GHz Bands. IEEE Microwave and Wireless Components Letters 30: 1121–1124. 
https://doi.org/10.1109/LMWC.2020.3030189 
[14]. Praveena N, Gunavathi N (2023) High Selectivity SIW Cavity Bandpass Filter Loaded CSRR 
with Perturbing Vias for Sub-6 GHz Applications. PIER Letters 109: 103–110. 
https://doi.org/10.2528/PIERL22122008 
[15]. Liang GZ, Chen FC (2020) A compact dual-wideband bandpass filter based on open-
/shortcircuited stubs. IEEE Access 8: 20488–20492.  


