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Abstract 

The rapid development of technology has resulted in the growth of the number 
of mobile communication service users. One technology that is currently being 
developed is Long Term Evolution (LTE), which allows sending data at higher 
speeds. To support LTE technology, various components and devices are 
required. One device needed is a band pass filter (BPF). In this research, we 
designed BPF micro strip cascade trisection at 1,800 MHz frequency for 4G LTE 
applications. Simulation and optimization are carried out using CST Studio suite 
2012. The material used as a substrate material is Rogers RT5880, which has a 
dielectric constant of 2.2 and a thickness of 1.6 mm. This study demonstrated that 
the designed BPF has a 75 MHz bandwidth at a frequency of 1,805-1,880 MHz 
with a return loss of -10.26 dB, insertion loss of -1.29 dB and VSWR of 1.28. 
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1.  Introduction 
The development of mobile communication technology is developing and 
increasing rapidly. As the number of mobile communication service users is 
increasing, the need for a variety of communication services and the development 
of technology that supports high-speed data transmission and higher traffic is 
increasing [1]. One technology that is currently developing to support services with 
large amounts of high-speed data is Long Term Evolution (LTE) [2]. LTE has 
many advantages including downlink data transmission of more than 100 Mbps 
with low latency, and the use of very efficient spectrum. LTE is a new standard 
to increase the capacity and speed of the current network. LTE is often referred 
to as 4G (fourth generation) [3]. To support LTE technology, various devices are 
needed. One device that plays an important role in the application of mobile 
communication technology is a filter. Because of the LTE bandwidth is wide, a 
band-pass filter (BPF) is needed to prevent interference before the signal reaches 
the antenna [4, 5]. Filters are indispensable devices in many wireless systems and 
applications, including wireless broadband, mobile, satellite communications, 
radar, navigation, and other sensing systems [6]. The number of orders is an 
important parameter commonly used in designing the filter. Active or passive filter 
circuit employs higher-order filter circuits to ensure that both corner frequency 
noises are completely removed. Therefore, it will be decreasing the interference 
signal [7]. 

Cascade trisection is a development of trisection filter, which is a cross-
coupled filter. Unlike the hairpin method that has zero transmission results, with 
the cascade trisection method, the resulting transmission zero has a frequency 
response with step sides on both sides of the passband [8]. The Defected Ground 
Structure (DGS) used in the design is used to improve the return loss value of the 
BPF [9]. DGS is installed on the ground (under the feed tap of BPF), which is 
located obtained from the results of optimization [10]. Open Stub is a resonator 
component that is added to an existing resonator, however, the size is not the 
same as the cascade trisection resonator.  

Based on studies by Sarkar et al. [11], the longer the size of the open stub, the 
narrower the bandwidth produced. Some parameters that are considered in the filter are 
return loss, insertion loss, VSWR, and impedance [12]. Most of the BPF designs are 
using microstrip structure. In the microstrip design structure, the higher frequency 
operating is the smaller the circuit [13]. Numerous studies about band-pass filter have 
been carried out previously using some structures. That studies such as band-pass filters 
on U-shaped resonators with three identical resonators [14], triple U-shaped defected 
ground structure (DGS) [15], band-pass filter using open-circuited stub [11], a 
combination of DGS’s and open-ended slot [16], and the like. Letavin [14] mentioned 
that the return loss and insertion loss have good value, however, the insertion loss value 
still high enough. Avinash and Rao [15] proposed that filter design using U shaped 
DGS, in which, has the benefit of low insertion loss and high selectivity, however, this 
design used for ultra-wideband (UWB) application and not suitable for LTE 
application. Ghosh and Mondal [16] stated that the return loss and insertion loss value 
are good, however, the band-pass response still not sharp and stable. In this study, we 
designed BPF using open stub and DGS. The expected BPF specification can work 
at a frequency of 1800 MHz with a return loss below -10 dB, insertion loss of around 
-1 dB and 1 < VSWR < 2. 



374       E. A. Juanda et al. 

 
 
Journal of Engineering Science and Technology        February 2020, Vol. 15(1) 

 

2.  Research Methods 
This research is a type of experimental research, which includes simulation, 
optimization, and fabrication. In the initial stage, a literature study is carried out, 
then a specification is determined and followed by a design and manufacturing 
stage consisting of simulations and optimizations with CST Studio Suite 2012 
software. This process is carried out until parameters are in accordance with the 
specified specifications. 

The initial stages of designing this BPF are determining the desired 
characteristics or parameters. The type of substrate used in this study is Rogers 
RT5880, which has a thickness (h) of 1.6 mm and a relative dielectric constant (εr) 
of 2.2 and a Dielectric Loss Tangent (δ) of 0.0009.  

Table 1 shows the desired specifications of the designed BPF. The filter we 
designed has six filter’s order. The increasing of the number of filter order has the 
effect of increasing the sharpness of filter response. The specifications of the filter 
designed in this study including of operating frequency, half power bandwidth, 
center frequency, Fractional bandwidth, insertion loss, return loss, impedance, 
VSWR, filter order, and frequency response. 

The design of the Cascade Trisection BPF construction consists of six 
resonators. The first step is calculation of the resonance frequencies of the six 
resonators. Then determine the dielectric constant, the length of the resonator, the 
width of the supply channel, the length of the open stub, and the dimensions of the 
DGS size. This calculation is done in order to get the desired frequency response. 
The following outlines the calculations of some parts of the micro strip filter. 

Table 1. Specifications of BPF designed. 
No. Specification Value 
1. Operating frequency 1,805-1,880 MHz 
2. Bandwidth -3 dB 75 MHz  
3. Center frequency 1,843 MHz  
4. FBW (fractional BW) 0.03  
5. Insertion loss  < -2 dB  
6. Return loss  < -10 dB  
7. Matching impedance  50 ohm 
8. VSWR 1 < VSWR < 2  
9. Filter order 6 

10. Frequency response Chebyshev  

2.1.  Determine the resonance frequencies  
In the Cascade Trisection BPF design, the value of this resonant frequency can be 
obtained by Eq. (1) [10]. 

𝑓𝑓0𝑛𝑛 =  𝑓𝑓0�1 − 𝐵𝐵𝑛𝑛
𝑔𝑔𝑛𝑛 𝐹𝐹𝐵𝐵𝐹𝐹⁄ +𝐵𝐵𝑛𝑛 2⁄

                  (1) 

where 𝑓𝑓0𝑛𝑛  is the nth resonance frequency, 𝑓𝑓0 is the middle frequency, Bn is the 
bandwidth at the nth frequency. From Eq. (1), we get f01 = 1,820 MHz, f02 = 1,825.80 
MHz, f03 =1,841.72 MHz, f04 = 1,823.83 MHz, and f05 = 1,842.00 MHz.  
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After that, the design is continued by determining the width of the supply 
channel as a place to put the connector using Eqs. (2) and (3) [10]. This line uses 
50Ω channel impedance to obtain maximum power transfer. The width and shape 
of the supply channel can be seen in Fig. 1. In Eq. (2), A is the constant that 
needed to calculate the resonator channel width (W) in mm, with d is the distance 
between each resonator in mm, and Z0 is the characteristic impedance of the 
transmission line. 

𝐴𝐴 = 𝑍𝑍0
60
�𝜀𝜀𝑟𝑟+1

2
+  𝜀𝜀𝑟𝑟−1

𝜀𝜀𝑟𝑟+1
�0.23 + 0.11

𝜀𝜀𝑟𝑟
�                 (2) 

Then, the value of 𝐴𝐴 = 1.159 
𝐹𝐹
𝑑𝑑

= 8𝑒𝑒𝐴𝐴

𝑒𝑒2𝐴𝐴−2
                   (3) 

𝐹𝐹
𝑑𝑑

= 3.126   

Because W / d > 2, the resonator channel width is:  
W = W/d x h = 3.13 x 1.6 = 5.008 mm 

 
Fig. 1. Width of the feeding channel.  

2.2.  Determine the resonator length  
Before determining the length of each resonator, first we determine the value of the 
effective dielectric constant (Ԑeff). The effective dielectric constant value will vary 
for each channel, this depends on the width of the channel used. Designing this 
filter using the channel width (W) = 1 mm because the bandwidth at the frequency 
used is quite wide. Effective Dielectric Constants (Ԑeff) can be found using Eq. (4): 

𝜀𝜀𝑒𝑒𝑒𝑒𝑒𝑒 = 𝜀𝜀𝑟𝑟+1
2

+ 𝜀𝜀𝑟𝑟−1
2 �

1

1+12�hW�
,                  (4) 

Therefore, we obtained εeff = 1.87. 

2.3.  Designing the distance between resonators 
In the previous equation, the value f01 = f0n that has been obtained is entered into 
Eq. (5) as the cut-off frequency value to get the wavelength value. After that, the 
wavelength value of each resonator is entered in Eq. (6) to obtain the length of each 
resonator channel. 

𝜆𝜆𝑔𝑔𝑛𝑛 =  𝐶𝐶
𝑒𝑒𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑛𝑛𝑐𝑐ℎ�Ԑ𝑒𝑒𝑒𝑒𝑒𝑒

                                                                                           (5) 

W 
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With,  

𝑙𝑙𝑎𝑎𝑛𝑛 =  λgn
2

                                                                                                              (6) 

Using Eq. (5), wavelengths are obtained from each resonator on the BPF. While 
the resonator length value is obtained from Eq. (6). From Eq. (5), c is the light speed 
in m/s and 𝑓𝑓𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒𝑛𝑛𝑐𝑐ℎ  is the 𝑛𝑛𝑐𝑐ℎ cut off frequency.  The results obtained are shown 
in Table 2. The λgn is the nth ground wavelength and la is the length of the resonator.  

Figure 2 shows the design of each designed resonator. The length of the gap in 
each resonator is a half wavelength. In all resonators except 2nd, resonator have 
bands in every corner.  

Table 2. Length of each resonator. 
n fn (MHz) λgn(mm) la(mm) 
1 1,821 111.6 55.80 

2 1,810 119  59.50 

3 1,807 119 59.50 

4 1,804 120.2 60.14 

5 1,793 119.09 59.54 

6 1,821 111.6 55.80 

 

 
Fig. 2. The geometry of each resonator used in this study: 

a) 1st resonator length, b) 2nd resonator length, c) 3rd resonator length, 
d) 4th resonator length e) 5th resonator length, f) 6th resonator length.  
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2.4.  Open stub design   
The design of open stub aims to narrow the bandwidth according to the expected 
specifications. An open stub is a resonator component that is added to an existing 
resonator, however, the size of the open stub resonator is not the same as the 
cascade trisection resonator. The longer size of the open stub, the narrower the 
bandwidth that is generated. The expected bandwidth is carried out by optimize the 
length of open stub five times from the length of 0.1 to 0.5. Table 3 shows the 
results of the optimization of the open stub on the second and fifth resonators.  

Table 3. Optimization results of open stub’s length. 
Length 
(mm) 

f1 

(MHz) 
f2 

(MHz) 
Middle frequency 

(MHz) 
Bandwidth 

(MHz) 
0.5 1,821 1,870 1,839  49 
0.4 1,810 1,875 1,841 65 
0.3 1,807 1,880 1,845 73 
0.2 1,804 1,885 1,851 81 
0.1 1,793 1,890 1,860 97 

2.5.  DGS design 
DGS is used to improve the return loss value of BPF. The DGS is mounted on the 
ground (under the feed/tap of the BPF) whose location is obtained based on 
optimization. Figure 3 shows the geometry and design parameters of the DGS.  

 
Fig. 3. Dimension of defected ground structure.  

2.6. Final simulation results of the cascade trisection BPF microstrip 
using open stub and DGS  

After calculating the dimensions of the filter, then continue with optimization on 
the dimensions of the BPF. Figure 4 shows the dimensions of the designed BPF in 
accordance with the expected specifications.  
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Fig. 4. The final dimension of the BPF cascade trisection.  

3.  Results and DiscussionSimulation results 
After optimize the Lr resonator length, resonator distance (S), tap width (W), open 
stub length (Los) and DGS size, BPF simulation results are obtained according to 
specifications. The S21 simulation results from the designed BPF are shown in Fig. 
5, while the S11 simulation results are shown in Fig. 6. Figure 5 shows the 
comparison of the insertion loss to frequency, besides Fig. 6 shows the comparison 
of return loss to frequency. Return loss and insertion loss is the most important 
parameters of all the devices, including filter. Figure 5 shows the comparison chart 
of insertion loss in dB to a frequency in GHz. It can be observed that the value of 
insertion loss at the frequency of 1,852 MHz is -1.29 dB and the operating 
frequency of BPF is 1,805-1,880 MHz with a bandwidth of 75 MHz. 

Figure 6 shows the results of S11 simulation to frequency. As we can see that 
the value of return loss at the frequency of 1,852 MHz is -10.26 dB. The value of 
return loss in frequency 1,880.4 MHz is -16.795 dB. The highest value of return 
loss is about -25 dB in frequency 1,834 MHz. To make the simulation results in the 
form of a band-pass can be done by changing the location of the Tap/feeder without 
changing the size of the tap/feeder calculation results. The use of open stub on the 
BPF resonator is able to narrow the bandwidth. Changing the resonator length can 
increase the value of return loss.  

 
Fig. 5. Insertion loss (S21) chart from simulation.  

dB
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Fig. 6. Return loss (S11) chart from simulation. 

3.2.  Fabrication results and test equipment 
The design of the cascade trisection microstrip BPF with open stub and DGS was 
simulated with CST 2012 software, which was then fabricated and measured using 
a Vector Network Analyser (VNA). The cascade trisection BPF fabrication results 
are shown in Fig. 7. The final dimensions of the fabricated cascade trisection BPF 
are 60 mm × 45 mm. Measurements were taken at BPF using the Advantest R3770 
two-port Network Analyser. BPF parameters that can be measured in this 
measurement include measurement of return loss (S11), insertion loss (S21) and 
VSWR measurement. Based on the results obtained, the measurement results are 
close to the simulation results. For more details regarding the comparison of 
measurement results with simulation results for the values of S11 and S21 can be 
seen in Figs. 8 and 9. The return loss and the insertion loss measured in dB unit and 
comparison to an operating frequency in GHz. Return loss describes the 
performance of the device, in which the value must be less than -10 dB. Meanwhile, 
for a two-port device, the ideal insertion loss value is close to 0 dB.  

Figure 8 shows that the reflection parameter (S11) of two different conditions, 
namely the simulation results and measurement results. S11 responses from the 
simulation process showed better results compared to measurement results. The 
bandwidth of the BPF measurement results is wider than the simulation results. It 
can be seen from Fig. 9 that the transmission parameter (S21) of the simulation 
results has difference with the measurement results, where the expected response 
is slightly shifted. This difference can occur due to differences in conditions 
between simulation and measurement and the effect of connecting the device with 
the SMA connector used.  

 
Fig. 7. Design of equipment: (a) Front-end and (b) Rear-end fabrication.  

dB
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Fig. 8. S11 comparison chart of measurement results and simulation results.  

 
Fig. 9. The Comparison of S21 between measurement and simulation.   

4.  Conclusion 
In this paper, a band-pass filter micro strip cascade trisection has been designed 
and manufactured using Rogers RT5880 with the 1.6 mm and 2.2 of the thickness 
and dielectric constant respectively. It has a frequency range from 1,805 to 1,880 
MHz with a return loss less than -10 dB, insertion loss about -1.29 dB and VSWR 
of 1.28. Based on the comparison that has been made between the simulations 
results with the measurement results, the differences that arise can be caused by 
several factors. In this study, the use of DGS has no significant effect in 
increasing the value of return loss, however, it does affect the increase in the cut-
off frequency thereon. 
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