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Abstract – This paper presents the design and analysis of a 

low-loss; compact-size broadband second-order band pass filter 

(SOBPF) utilizing a simple microstrip line concept for Ku-band 

and satellite communication applications. For the Ku-band 

frequency range, the design method is used as an easy way to 

generate two transmission poles and the SOBPF. The input 

impedance of the conventional T-shaped microstrip feed is 

implemented and determined at 50 ohms in the early stages. 

Then, two rectangular closed strip lines are implemented 

symmetrically and placed at the center on the top plane of the 

radiating part. These strips play a significant role in creating the 

coupling between them. Hence, these strips generate two poles 

and develop an SOBPF. In addition, an open circular-shaped 

stub is also used in a cuboid shape in order to improve 

impedance matching. The experiment is used to verify the results 

of the analysis and simulation of the design structure. The 

simulated and measured -10 dB reflection coefficient (|S11|<-10 

dB) of absolute impedance bandwidth (AIBW) are 2.9 and 3.2 

GHz, respectively. The minimum and maximum simulated 

insertion loss (IL) of 0.12 and 1.89 dB are obtained. Meanwhile, 

the measured minimum and maximum IL of 0.24 and 1.31 dB 

are achieved. The simulation results are evaluated and compared 

with the filter characteristics testing data. 

Keywords: Broadband; compact size; Insertion loss; 

Impedance matching; Second order, total loss. 

I. INTRODUCTION 

The proliferation of advanced communication networks has 

led to a surge in the need for band-pass filtering systems 

capable of efficiently processing large volumes of data or 

information. Bandpass filters (BPFs) play a crucial role in 

components of RF and microwave systems [1], as they are 

necessary to meet various standards. Several works have 

proposed different approaches for synthesizing and building 

bandpass filters (BPFs).  

There have been developments in the use of BPFs, which 

come with different levels of sophistication. Furthermore, 

space applications commonly utilize large, unwieldy filters 

with specialized band-pass sections. The reduction of size and 

mass is of utmost importance in such scenarios. This work 

explores filters characterized by high performance, low 

weight, and small size.  

 

Fig. 1. 3D view of the proposed bandpass filter. 

 

This work proposes tiny broadband waveguide filters for 

satellite applications operating in the C-/Ku-band frequency 

range. The essential requirements that must be fulfilled 

concurrently in both C- and [12] a decrease in mass and 

volume. TM resonators are a practical choice in terms of 

compactness and bandpass. They allow for a significant 

reduction in filter length, up to 75%, compared to standard 

filters that use TE mode cavities [2]–[6]. Additionally, TM 

resonators maintain high Q-factor values (>4000). While these 

resonators can meet the criteria for mass, volume, and loss, 

they cannot meet the extensive stop-band requirements of the 

project. In order to expand the stop band, it has been proposed 

in [7] to use multi-aperture irises instead of single-aperture 

irises. Regrettably, this project still requires further refining. 

Narrow BPF with low profile employing FSS structure [8], 

vertically integrated substrate-integrated suspended line BPF 

[9], SIW-based BPF [10], multilayer-dual-band BPF [11], and 

ultra-compact SIW-BPF [12] are among the recent efforts that 

have been reported [8]– [12]. Recently, a few works have 

been reported [13]–[19], such as microstrip BPF using spoof 

surface plasmon polaritons (SSPP) [13], a dual-band BPF 

(DBBPF) using dual-band negative group delay equalizers 

[14], high-temperature super-conducting 4th-order 

narrowband BPF using a spiral-CRLH resonator [15], a low-

loss organic substrate-based BPF [16], SIW-based compact 

narrow-band BPF using SSPPs [17], a DBBPF-based on 

suspended coplanar waveguide-microstrip [18], ultra-

wideband compact-BPF [19], SIW-based BPF using power 

divider [20], and high selectivity BPF[21].  

This study introduces a new low-loss, compact size, and 

broadband second-order band pass filter (SOBPF) using a 

broadband resonator class that rejects the spurious band and 

achieves an acceptable transmission coefficient for Ku-band 

applications. The resonators are built on 3.2 GHz bandpass 

filters with T-shape-coupling feeders. The modeling and 

observed data show that these designs have produced more 

than −24 dB suppression in the first spurious pass band. 
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Fig. 2. Geometric of proposed SO-BPF (front view) 

 

Fig. 3. Reflection coefficient effect on Rx 

 

The study work applies to IEEE 802.11ac higher standards. 

Several research studies [6]-[12] have examined various band 

planar filters for various applications utilizing different 

hairpin architectures. However, the setups still take up a 

significant amount of circuit space, so they are essentially 

unsuitable for systems where downsizing is crucial. It has 

proven to be a crucial problem when creating microwave 

filters. The proposed SOBPF concepts are suitable for 

broadband broadcasting communication satellites, according 

to the results of the practical environmental testing (thermal, 

sine, and random vibration) conducted on both filters. This 

work provides a comparison table at the end, which compares 

similar types of reported works. 

II. KU-BANDPASS FILTER DESIGN AND 

PARAMETRIC ANALYSIS  

Figures. 1 and 2 depict the three-dimensional (3D) and top 

views of the proposed second-order BPF (SOBPF), 

respectively. The total ground plane makes up the bottom 

plane. For the design and analysis, the schematic design 

arrangement of a small microstrip hairpin slots second-order 

bandpass filter is shown in Fig. 2. It was made on a Rogers 

5880 (TM) substrate (17 mm × 8 mm × 1.524 mm) with a 

thickness of 1.524 mm, a loss tangent of 0.0004, and a relative 

dielectric constant of 2.2. In the first stage, two symmetric T-

shaped feeder lines next to each other in a window 

configuration act as coupling resonators, changing the 

passband to the right one while keeping the 50 Ohms 

impedance matching with the input/output devices. 

 

Fig. 4. Simulated input impedance vs. frequency response (blue: real 

and red: imaginary) 

 

The designed SOBPF propagates TM mode cavity resonators 

using microstrip planar technology. The window hairpin slots 

resonator, and the symmetric T-shaped feeder line resonators 

were put together in this study to get a selective resonance 

frequency with good spurious suppression in the stop-band 

response. The hairpin-slots window configuration's broadband 

resonant frequency and usable bandwidth can be readily 

adjusted in the analysis by varying the overall width or the 

overall length of the designed SOBPF. As a result, insertion 

and return loss variations are encountered. The electric and 

magnetic couplings can be obtained if the open sides of two 

linked resonators are placed as close together as possible, as 

shown in Fig. 1. 

In the second step, we implement two symmetrical 

rectangular closed strip lines and place them at the center on 

the top plane of the radiating part. These strips play a 

significant role in creating the coupling between them. Hence, 

these strips generate two poles and form an SOBPF. The gap 

between two strips also helps increase or decrease the 

coupling effect. Therefore, we use parametric analysis to fix 

the gap between the two strips. In addition, an open circular-

shaped stub is also used in cuboid shape in order to improve 

impedance matching. The radius of the open circular stub 

plays a crucial role in improving impedance matching. In light 

of this, a parametric analysis is used to fix the radius of the 

open circular stub Rxx, as shown in Fig. 3. The Rxx varies from 

0.5 to 0.9 mm with a step size of 0.1 mm. We fix the Rxx=0.7 

mm for better impedance matching. Plotted in Fig. 4, the real 

part of the input impedance at the pass band frequency range 

is around 50 Ω when the diameter Rxx is 0.7 mm, while the 

imaginary part is approximately zero. Finally, the optimized 

dimensions of the proposed work are listed below: W1=0.6 

mm, L1=6mm, L2=3.5 mm, W2=5 mm, W3=5 mm, W4=0.5 

mm, L3=1.5 mm, W3=3 mm, t =0.5 mm, t1 =0.5 mm, t2 =0.5 

mm, t2 =0.25 mm, Rx=0.7 mm Lx=0.85 mm. Furthermore, the 

surface current and electric field distributions of the proposed 

antenna is plotted at the center frequency, as shown in Fig. 5 

(a) and (b), respectively. It is confirmed that the structure 

propagates the TM mode. All the simulations were carried out 

using Ansys HFSS 2020R2 electromagnetic software. 
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Fig. 5. Electric field distribution (top) at 6 GHz and 16.25 GHz 

(center frequency) 

 

(a)                                        (b) 

Fig. 6. The fabricated prototype of the proposed SOBPF: (a) without 

connector (b) with connector 

III. SIMULATION AND EXPERIMENTAL RESULTS  

The top and bottom views of the fabrication prototype of 

the proposed antenna are depicted in Fig. 6. The antenna is 

measured in the S11 and S21 with a vector network analyzer, 

the Agilent N5247A (10 MHz–67 GHz). This design obtains 

and achieves the maximum simulated and measured return 

losses of 22 and 20 dB. The simulated 10 dB (|S11|<-10 dB) 

return loss absolute impedance bandwidth (AIBW) and 

insertion loss (IL) of 0.12/1.89 and 0.24/1.31 dB are achieved, 

respectively. The recorded minimum and maximum insertion 

loss are 0.24 and 1.31 dB, respectively. This result includes 

two 6.15 mm long 50-ohm feeding lines for the probe 

measurement [20]-[21]. The minimum and highest insertion 

losses are approximately 0.01 and 0.05 dB/mm throughout the  

 

Fig. 7. Simulated and measured S-parameters (magnitude of |S11| and 

|S21|) of SOBFP 

 

Fig. 8. Simulated and measured phase of S21 (degree) of the SOBPF 

bandwidth. In addition, the simulated and measured phase is 

matched, and it varies from -176
0
 to 179

0
. The experimental 

validity is verified by utilizing the modelling results of this 

developed BPF structure, the phase of S21, as shown in Fig. 8. 

This graphic demonstrates how exactly the S21 simulated 

phase corresponds. The group delay vs frequency plot is 

plotted, as shown in Fig. 9. Furthermore, the pass band 

achieves the simulated and measured minimal group delays of 

0.14 and 0.10 ps, as illustrated in Fig. 9. Conversely, the 

measured and simulated group delays have maximum values 

of 0.24 and 0.33 ps, respectively. Consequently, the flat group 

delay and excellent linearity of this proposed BPF have 

enhanced the filter qualities. The total loss is also calculated 

in the proposed work.  

The overall loss combines leakage, metallic or copper, and 

dielectric loss. In light of this, we investigated the 

contributions of these sources of transition losses, 

consecutively adding one source to another. The overall loss 

(or total loss =1-|S11|
2
-|S21|

2
) [22]-[25] are computed using 

three steps as follows: 

 1. Assume that the top cladding conductor (TCC) and 

bottom cladding conductor (BCC) are ideal conductors. 

Assume the perfect dielectric without any losses. Simulate 

and calculate the total loss. This will give the leakage loss.  
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Fig. 9. Simulated and measured group delay (ps) of the SOBPF 

 

Fig. 10. Simulated and measured total loss (in %) of the SOBPF 

 

 2. Assume the finite conductivity (Cu) with dissipation 

factor (tanδ) and simulate and calculate the total loss again. 

This will cause leakage loss plus copper loss. 

 3. Assume the finite conductivity (Cu) with dissipation 

factor (tanδ). Assume the dielectric with losses (tanδ). 

Simulate and calculate the total loss. 

This sequence of simulations will allow us to evaluate the 

contribution of each source to the total loss. From the above 

statements, the total loss depends on both |S11| and |S21|. So, 

the total loss is (1-|S11|
2
-|S21|

2
) (in %), as shown in Fig. 10.  

 
TABLE 1 

COMPARISON OF THE PROPOSED WORK WITH THE STATE-OF-THE-ART 

  

Ref. Size 

(λ0
2) 

h 

(mm) 

f0 

(GHz) 

FIBW 

(%) 

IL 

(dB) 

[13] 0.19 0.508 3.97 36.77 2-2.5 

[14] 1.18 0.508 2 50 1.5 

[15] 0.0978 0.5 0.218 0.5 0.3 

[16] 0.0272 0.3 6.54 20 2.6 

[17] 0.266 0.254 30 3 >1.5 

[18] 0.049 0.787 3.4 17.6 0.39-1.3 

[19] 0.077 0.813 3 40 2-9 

This work 0.462 1.524 17.5 18.28 0.24-1.31 

IL: Insertion loss, FIBW: Fractional impedance bandwidth, 

f0: Resonant frequency 

 

The total loss has carefully verified both simulation and 

experimental results. As a result, the total loss simulated 

below 22% is achieved in the entire frequency range. In 

contrast, the total loss measured below 20 % is achieved at 

15.9–19.1 GHz. The simulated and measured total losses are 

slightly high due to the fabrication tolerance. 

Table 1 presents a comparison of the proposed SOBPF 

performance with earlier work in order to better illustrate its 

advantages. In comparison in terms of compact size in [13], 

[14], and [17], FIBW Refs. [15], [17], and [18], and low IL 

Refs. [13], [14], and [16]-[19]. In contrast, the proposed work 

has a slightly larger issue than in Refs. [15], [16], [18], and 

[19], has a lower FIBW than [13], [14], [16], and [19], and 

has a slightly higher IL than [15]. The total loss is calculated 

and included in Table 1. It is confirmed that the total loss is 

below 20% of the proposed work. Hence, the presented work 

has a more significant advantage in size, low overall loss, and 

provides broadband performance in the higher frequency 

range. In addition, our BPF provides more pronounced out-of-

band suppression effects in this work. Due to these combined 

benefits, our suggested design is a strong contender for 

several real-world microwave communication applications. 

IV. CONCLUSION 

This paper designs simulates, fabricates, and tests a 

compact size, low loss, and broadband second-order bandpass 

filter for Ku-band applications. This structure uses the 

symmetric T-shaped-feeder-coupled line resonator-based 

microstrip line and the outcomes of the experiment validation 

with the simulation match those that were anticipated. With 

feeder lines excluded, the geometrical dimensions of the 

primary window structure are ≈0.99λ0×0.46λ0 for SOBPF. 

The symmetric T-shaped feed line resonator window 

resonator design is presented as an alternative to the filter 

structure's miniaturization. Therefore, this resonator can 

minimize a notably small filter size. The proposed SOBPF can 

be used for various wireless services, radar, and satellite 

communication applications  
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