
HIGH EFFICIENT BAND PASS FILTER DESIGN AND ANALYSIS 
ON IMPACT OFRESONATOR  ON ITS PERFORMANCE 

 

Biswaranjan Barik1, A.Kalirasu2,A.V.Prathap Kumar3 
1Department of EEEM, AMET University, Chennai, Tamilnadu, India 

1,3Dept of ECE, Godavari Institute of Engineering & Technology,Rajahmundry,India 

Dept of EEE, Nalla Malla Reddy Engineering College, Hyderabad, India 

 

Abstract:An ultra high frequency Wide Band-Band Pass Filter (WBBPF) has designed with operating 

frequency range from 1.06 GHz to 2.02 GHz .The designed filter  produces a wide band width of 62.33% and 

its performance is proved better than the BPF designed by Naoto and shunsuke. In this paper conversion 

mechanism from a wide Band BPF to a Narrow Band BPF and Multi band BPF also examined by changing the 

shape of resonator.The design and analysis has carried out by 3D electromagnetic simulation software HFSS. 
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Introduction: 

Band Pass Filter (BPF) are used in almost all communication device and sometimes even antenna 

behaves like it for passing a specific range of frequency.. The name of the filter itself indicates that it 

allows only a certain band of frequencies and blocks remaining. From the Fig. it has clearly seen that 

modulating signals are filtered by the ultra wide band (UWB) Band-Pass filter and also work as  key 

component in the receiving system, hence it is not wrong to say that the performance of 

communication system depends directly on the performance of Band-pass filter[1]. 

 

 

Fig.1 Transmitting and receiving system with primary components 
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In audio/video applications, sometimes it is necessary to pass only a certain range of frequencies, 

which does not start at 0 Hz or not end at very high frequency but these are within a certain range, 

either wide or narrow. These bands of frequencies are commonly termed as band width and BPF are 

used to transmit such band of frequency.. A Band pass filter is a combination of both low pass and 

high pass filter by arranging one set of RC elements in series and another set of RC elements in 

parallel. Without any variations in the input signal this band pass filter will pass a certain range of 

frequencies. This filter does not produce any extra noise in the signal [1].By adjusting the cut-off 

frequencies of high pass and low pass filters one can obtain the appropriate width of  pass band. In 

general the bandwidth of circuit can be calculated by frequencies ‘fH’ and ‘fL’.  

H LBW f f           (1) 

 

The ideal response of a band pass filter will be shown as  

BW 

 

 

 

fL fH  

The center frequency of a band pass filter will be represented as   0 H Lf f f
 

Quality factor as  
0fQ

BW


 

If the quality factor (Q)  <  2  then the filter is a Wide band -pass filter and if (Q)  >  2 then it acts as a 

narrow band-pass filter. According to shanon’s channel capacity formula 

2log 1
S

C B
N

   
           (2) 

Where C represents channel capacity, B and S/N represents bandwidth and signal to noise ratio 

respectively. Even If the value of S/N less than 0.1(-10 dB) the channel capacity can reach as high as 

1Gbps which proves the importance of band width and UWB filter in advance communication system. 

Every BPF is having a lower and upper cut-off frequency and a “Center frequency” or “Resonant 

frequency” at which the output gain is maximum.  

PASS BAND 
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r H Lf f f         ,        r H Lf f f 

 

Where fr is the resonant frequency or centre frequency, fH is upper -3 dB cut-off frequency and fL is 

lower -3 dB cut-off frequency. The gain of input signal can be calculated by taking 10 log (Vout/Vin). 

After the cut-off frequency fL the output will increase with the increase of frequency with a rate of -10 

dB per decade and attains maximum gain and this gain is constant until it reaches the higher cut off 

frequency ‘fH’. After the higher cut-off frequency the output decreases at a slope of -10dB/decade. We 

know that the phase shift of first order filter is 90° and as the band pass filter is a second order filter so 

the phase shift is twice of the first order filter that is 180°. The phase angle will vary with increase of 

frequency and at centre frequency the output and input signals are in-phase with each other. Below the 

resonant frequency the output signal leads the input signal and above the resonant frequency the output 

signal lags the input signal. The amplitude of the input signal is always greater than the output signal. 

LITERATURE REVIEW 

Number of high performance BPF designed by various researcher across globe like Ching-Wen Tan et 

al,2007 proposed a novel ultra-wide band band pass filter by cascading a broadband band pass filter 

with another broadband band stop filter. By properly selecting impedance of their transmission lines, 

bandwidths of  both broad  bandpass and bandstop filter has designed. Due to its simple structure and 

attractive performance, the proposed filter is appropriate for implementation in ultra-wideband 

systems[2] .Naoto Sekiya et al,2015proposed a high-temperature superconducting dual band pass filter 

(DBPF) that uses a pair of newly developed three-pole stub-loaded meander open-loop resonators with 

an additional capacitance-loaded micro strip line between them. The developed resonator enables 

independent control of the center frequencies of the first and second bands. The bandwidths can be 

flexibly adjusted using the additional micro strip line between the resonators. Dual band pass filter 

designed using YBa2Cu3Oy thin film on an Al2O3 substrate [3].Shahrokh Saeedi et al,2016designed a 

new single substrate-integrated bandpass-bandstop (BP-BS) filter cascade, implemented using high-Q, 

heavily-loaded, evanescent-mode cavity filters. The cascade has the capability of dynamically tuning 

its pass band and stop band at any two independent frequencies within a frequency range. A modular 

design approach is used to design the cascade by directly cascading synthesized coupling matrices of 

band pass and band stop filters. To demonstrate the concept, a 4% second-order Butterworth band pass 

filter is integrated with a second-order Butterworth band stop filter, with 2% fractional bandwidth at  
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10-dB rejection, which can be tuned continuously from 3000 to 3600 MHz [4].Tao Yang et al 

2017designed a novel tunable filter with multiple tuning functions . The filter can be used as a 4th-

order band pass-to-band stop reconfigurable filter for pass band or stop band tuning, and also as a 2nd-

order band pass filter cascaded by a 2nd-order band stop filter for pass band tuning with controllable 

transmission zeroes. In each mode, both the frequency and bandwidth can be controlled within a wide 

range, demonstrating excellent tuning flexibility and capabilities. The filter topology is expected to 

find applications in modern wireless standards such as carrier aggregation and cognitive radios [5] 

.Rui Li et al 2007proposed a compact micro strip-lineultra-wide band (UWB)band pass filter (BPF) 

using stub-loaded multiple mode resonator (MMR). It is formed by loading three open-ended stubs in 

shunt to a simple stepped impedance resonator in center and two symmetrical locations. By properly 

adjusting the lengths of stubs, the BPF passes the frequency range from  3.1-to-10.6 GHz  [6] .Di Kai 

Liu et al 2013proposed a novel microstrip ultra-wideband (UWB) band-pass filter (BPF) using stub-

loaded multiple-mode resonator (MMR). The MMR is constructed by loading three open stubs in a 

uniform-impedance resonator, i.e., one uniform-impedance stub loaded at the center and two stepped 

impedance stubs loaded at the symmetrical side locations. Resonant frequencies against the open-stub-

loaded parameters at the center, can control the even modes flexibly, while the odd modes remain the 

same [7].Qing-Xin Chu et al 2011proposed a novel compact ultra-wideband (UWB) bandpass filter 

(BPF) using stub-loaded multiple-mode resonator (MMR). The MMR is constructed by loading three 

open stubs in a uniform-impedance resonator, i.e., one stepped-impedance stub at the center and two 

uniform-impedance stubs at the symmetrical side locations. Five modes, including two odd modes and 

three even modes, designed within UWB band, and two transmission zeros generated by stepped-

impedance stub improve the pass band [8].Hitoshi Ishida et al 2004designed an Ultra Wideband 

(UWB) bandpass filter (BPF) with the use of  Ring Filter. The Filter is compact, low insertion loss, 

sharp rejection and a constant group delay within the UWB pass band. The Ring Filter control 

attenuation pole frequency by adjusting both the ring and stub impedance [9].Keren Li et 

al,2005presented an ultra-wideband (UWB)bandpass filter using broadside-coupled microstrip-

coplanar waveguide structure. The filter consists of a microstrip line coupled to a coplanar waveguide 

(CPW) that was fabricated on the ground of the microstrip line. The measured results demonstrated 

that filter resonates from 3.0GHz to 10.63GHz (-10 dB bandwidth) [10] .Hui Chen, et al,2008 

designed a new ultra-wideband (UWB) bandpass filter (BPF) using coplanar waveguide (CPW) open-
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circuited and short-circuited resonators composite structure. Calculated results demonstrated the UWB 

properties from 3.0GHz to 9.3GHz (-3 dB bandwidth), which is fractional bandwidth of more than 

100% at center frequency 6.2 GHz [11] .Tsung-Nan Kuo et al,2006proposed an  ultra-wideband band 

pass filters based on composite microstrip–coplanar-waveguide (CPW) structure. By introducing a 

cross-coupled capacitance between input and output ports of this high-pass filter and suitably 

designing the transition stretch stubs, a compact three-pole ultra-wideband band pass filter is 

implemented with two transmission zeros located close to the pass band edges. The proposed ultra 

wideband filters have the merits of compact size, flat group delay, good return loss, and selectivity 

[12].Neil Thomson et al,2007designed  novel ultra wideband (UWB) bandpass filter ,using a compact 

coupled microstrip/coplanar waveguide (CPW) structure. The filter comprises of a single CPW quarter 

wavelength resonator which is coupled to two microstrip open-circuited stubs on the other side of a 

common substrate. The two microstrip open-circuited stubs, function as two resonators with associated 

coupling arrangement to the CPW. The experimental filter shows a fractional bandwidth of 90% at a 

center frequency of 6.4 GHz, with two observable transmission zeros (attenuation poles) at 1.95 and 

10.36 GHz, respectively [13] . Bowen Liu et al 2011designed a novel and compact ultra-wideband 

(UWB) band pass filter with a narrow notched band in the UWB pass band using broadside-coupled 

microstrip-coplanar waveguide (CPW) structure. To avoid the interference with the WLAN system, 

the operation band centered at 5.8 GHz (5.725-5.825 GHz) is notched by embedding open stubs in the 

microstrip lines. Another two symmetric open stubs are etched on the feed lines to improve the 

property of the upper-stop band [14] Slawomir Gruszczynski et alproposed a  narrow-band band-pass 

filter for non-linear junction detector where an inter digital structure has used to achieve 0.5 % 

bandwidth and high rejection of interference signals [15]. Shobha I Hugar et al  proposed 

reconfiguration of wideband response of multimode resonator to dual band BPF with wide and narrow 

pass bands. The proposed filter comprises of half wave SIR based multimode resonator, with Bowtie 

radial stub integrated into its symmetrical plane. To attain dual band characteristics from wideband 

response a new transmission zero is created in wide pass band which splits it into wide and narrow 

pass bands. To produce flat pass band a high impedance Inter digital feed structure is used at input and 

output. Further by varying the radial angle of Bowtie stub, both pass bands are controlled by 

manipulating the location of new transmission zero TZ and even mode frequencies in both pass bands 

[16] . 
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MATERIALS AND METHODS
 
DESIGN OF  WIDE BAND PASS FILTER
 
The BPF designed by author [3-16] are complex and difficult to design where as our design is simple 

by using eight rectangular shape resonators and can be installed in 

advantage of this filter is that there is no capacitor and resistor used like conventional band pass filter 

and it can tune the frequency by decreasing the number of resonators and produce wide band width . 

The Wide band –Pass filter which we have designed pass the band of frequency from 1 GHz to 2GHz 

which is suitable for CDMA  and GSM

band respectively .The Band-Pass filter is operating at Ultra High Frequency range i.e., 

material  taken for designing band-pass filter is PEC (Perfect electric Conductor) and  outer box is 

made up of vacuum. Here solution type considered as Driven

Port for solving the model. The design is sim

HFSS. The geometry of Band-Pass Filter in our design consist of five objects such as 1) Air box  2) 

Feed  3) Feed-Pin 4) Feed-Probe  5) Resonator

Name Centre(X,Y,Z)

Air Box ( -
Feed 1 (1 ,
Feed Pin 1 (1 ,
Feed Probe1 (1 ,
Resonator 1 (0.85 ,
Resonator 2 (-
Resonator 3 (1 ,
Resonator 4 (-

 

Table.3.1 Design parameter of WideBand

     Fig.2 

MATERIALS AND METHODS 

WIDE BAND PASS FILTER 

] are complex and difficult to design where as our design is simple 

by using eight rectangular shape resonators and can be installed in any wireless system. The main 

advantage of this filter is that there is no capacitor and resistor used like conventional band pass filter 

and it can tune the frequency by decreasing the number of resonators and produce wide band width . 

filter which we have designed pass the band of frequency from 1 GHz to 2GHz 

which is suitable for CDMA  and GSM- 1800 which operates at 1800 MHz and 1710 to 1880 MHz 

Pass filter is operating at Ultra High Frequency range i.e., 

pass filter is PEC (Perfect electric Conductor) and  outer box is 

made up of vacuum. Here solution type considered as Driven-terminal and  port assigned as Wave

Port for solving the model. The design is simulated by  3D Electromagnetic simulation software 

Pass Filter in our design consist of five objects such as 1) Air box  2) 

Probe  5) Resonator 

Centre(X,Y,Z) Position(X,Y,Z) 

-1 ,-1.7 ,-0.3125) ( 2, 3.4,  0.625) 
(1 ,-0.9 ,0) radius 0.14 and height 0.75 
(1 ,-0.9 ,0) radius 0.06 and height  0.75 
(1 ,-0.9 ,0) radius 0.06 and height  
(0.85 ,-0.9625 ,-0.03) (-1.7,0.125,0.06) 
-1 ,-0.75 ,-0.03) (1.818, 0.125,0.06) 

(1 ,-0.48 ,-0.03) (-1.818, 0.125,0.06) 
-1 ,-0.2 ,-0.03) (1.818, 0.125,0.06) 

Table.3.1 Design parameter of WideBand-Pass Filter (WBPF) 

 a) Design b) S11-parameter of WBPF 

] are complex and difficult to design where as our design is simple 

any wireless system. The main 

advantage of this filter is that there is no capacitor and resistor used like conventional band pass filter 

and it can tune the frequency by decreasing the number of resonators and produce wide band width . 

filter which we have designed pass the band of frequency from 1 GHz to 2GHz 

1800 which operates at 1800 MHz and 1710 to 1880 MHz 

Pass filter is operating at Ultra High Frequency range i.e., in 1-2GHz, the 

pass filter is PEC (Perfect electric Conductor) and  outer box is 

terminal and  port assigned as Wave-

ulated by  3D Electromagnetic simulation software 

Pass Filter in our design consist of five objects such as 1) Air box  2) 

radius 0.14 and height 0.75 
radius 0.06 and height  0.75 
radius 0.06 and height  -0.15 
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Fig.3 Design and S11-parameter of Naoto WBPF for different L2[4] 

 

Fig.4 Design and S11-parameter of Naoto WBPF for different L1[4] 

From the result out-put it shows that the BPF [4] produces lower cut-off frequency of 3.5 GHz and 

higher cutoff frequency of 5 GHz by varying different values of L1 and L2 and produces a band width 

of 35.29% where as in our design the higher cut-off frequency is 2.02GHz and lower cut- off 

frequency is 1.06GHz and produces a wide-band width of 62.33%. Hence we can confirm that the 

performance of our designed BPF is better than the BPF designed by Naoto and shunsuke[4]. 

IMPACT OF RESONATOR SHAPE ON THE PERFORMANCE  
OF WIDE BAND PASS FILTER 
 
Future Mobile communication systems will require wideband transmission in order to support high-

speed and high-capacity data transmission. This led to an increase demand of dual-band band pass 

filters (DBPF) and tri-band band pass filters (TBPF). Several DBPF and TBPF with a normal 

conductor and various types of resonators have been reported [3-9]. The author [3] has designed a 

TBPF which consists of a DBPF and an additional three-pole singlebandpass filter (SBPF) constructed 

with folded stepped-impedance resonator (SIR).The configuration of HTS DBPF was fabricated using 
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single-side-deposited 300-nm YBa2Cu

with dielectric constant of 9.9. The back of the substrate was Au coated for the ground plane. In our 

design all other parameters like 1) Air Box

the previous design of WBBPF where as the number of resonator decreased from eight to four and 

increases the width of the second resonator L2,for getting a TBBPF

Name Centre(X,Y,Z)

Resonator 1 (0.85 ,-0.9625 ,

Resonator 2 (-1 ,-0.75 ,-

Table.2 Design parameter of Tri

Fig.5 a)Design of HTS TBBPF  (b) frequency responses of HTS TBPF [

                                a)                                                                       b)

Fig.6 a) Design b) S11 Plot of  TBPF

From the Fig. result output it is clear that the band pass filter is having three band of operation such as 

from 7.2 to 7.3GHz, 8.2 to 8.3GHz and 8.55 to 8.65GHz respectively.  

 
 
 

Cu3Oy (YBCO) thin film on a 20 × 20 × 0.5 mm Al

with dielectric constant of 9.9. The back of the substrate was Au coated for the ground plane. In our 

design all other parameters like 1) Air Box 2) Feed 1  3)Feed- Pin1  4) Feed Probe-1 remains same as 

the previous design of WBBPF where as the number of resonator decreased from eight to four and 

increases the width of the second resonator L2,for getting a TBBPF. 

Centre(X,Y,Z) Position(X,Y,Z) Material

0.9625 ,-0.03) (-1.7,0.125,0.06) PEC

-0.03) (1.818, 0.5,0.06) PEC

Table.2 Design parameter of Tri-Band Band-Pass Filter (TBPF) 

Fig.5 a)Design of HTS TBBPF  (b) frequency responses of HTS TBPF [

a)                                                                       b) 

Fig.6 a) Design b) S11 Plot of  TBPF 

From the Fig. result output it is clear that the band pass filter is having three band of operation such as 

om 7.2 to 7.3GHz, 8.2 to 8.3GHz and 8.55 to 8.65GHz respectively.   

Oy (YBCO) thin film on a 20 × 20 × 0.5 mm Al2O3 substrate 

with dielectric constant of 9.9. The back of the substrate was Au coated for the ground plane. In our 

1 remains same as 

the previous design of WBBPF where as the number of resonator decreased from eight to four and 

Material 

PEC 

PEC 

 

Fig.5 a)Design of HTS TBBPF  (b) frequency responses of HTS TBPF [3] 

 

From the Fig. result output it is clear that the band pass filter is having three band of operation such as 
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NARROW BAND PASS FILTER (NBPF)
 
By doing various operation we came to know that by changing shape of resonator  the     band

of Band-Pass Filter can be varied  and Simultaneously

converted into a narrow band pass filter i:e(Q > 1).From the result output it Higher cut

1.56 GHz , lower cut-off frequency 1.51 GHz , Q

utilization. 

Name Centre(X,Y,Z)

Resonator 1 (0.85 ,-0.9625 ,

Resonator 2 (-1 ,-0.75 ,-

Table.3 Design parameter of Narrow

a)                                  

Fig.7 a) Design b) S11 Plot of  NBBPF

CONCLUSION 
 
High efficient Wide BandPasssFilter(WBPF)  have designed with simple resonator structure  which 

produces  higher cut-off frequency 

designed BPF produces a wide-band width of 62.33%

designed filter which  produces a lower cut

GHz and  produces band width of 35.29% 

BPF can be converted into multi band and narrow band Band Pass Filter.

 

 

 

NARROW BAND PASS FILTER (NBPF) 

By doing various operation we came to know that by changing shape of resonator  the     band

Pass Filter can be varied  and Simultaneously a wide band-Pass filter    (Q < 1) can be 

converted into a narrow band pass filter i:e(Q > 1).From the result output it Higher cut

off frequency 1.51 GHz , Q-factor is 30.6 and produces 3.2% bandwidth 

entre(X,Y,Z) Position(X,Y,Z) Material

0.9625 ,-0.03) (-1.7,0.125,0.06) PEC

-0.03) (1.818, 0.125,0.06) PEC

Table.3 Design parameter of Narrow-Band Band-Pass Filter (NBPF)

a)                                                                       b) 

Fig.7 a) Design b) S11 Plot of  NBBPF 

High efficient Wide BandPasssFilter(WBPF)  have designed with simple resonator structure  which 

off frequency of 2.02GHz and lower cut- off frequency 

band width of 62.33% which is better than  Naoto and shunsuke[

produces a lower cut-off frequency of3.5 GHz and higher cutoff frequency of 5 

produces band width of 35.29% .We also proved that by varying the shape of resonator the 

BPF can be converted into multi band and narrow band Band Pass Filter. 

By doing various operation we came to know that by changing shape of resonator  the     band-width 

Pass filter    (Q < 1) can be 

converted into a narrow band pass filter i:e(Q > 1).From the result output it Higher cut-off Frequency 

factor is 30.6 and produces 3.2% bandwidth 

Material 

PEC 

PEC 

Pass Filter (NBPF) 

 

High efficient Wide BandPasssFilter(WBPF)  have designed with simple resonator structure  which 

ency of 1.06GHz .The 

Naoto and shunsuke[4] 

off frequency of3.5 GHz and higher cutoff frequency of 5 

We also proved that by varying the shape of resonator the 
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