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Abstract—This paper describes a highly selective microwave 

bandpass filters based on microstrip integrated technology. The 

filter initially proposed consists of electromagnetically coupled C-

shaped open-ring resonators whose feedlines are loaded with 

inductive spiral shaped open-circuited stubs that are strategically 

located along the feedlines in order to introduce transmission 

zeros in the filter’s stopband response. It is shown that the 

overall response and selectivity of this filter can be significantly 

enhanced by interdigitally coupling the resonators with the 

feedline. The resulting filter exhibits highly sharp roll-off skirts 

with a passband insertion-loss of 1.4 and return-loss of greater 

than 15 dB. The out-of-band rejection level of the filter is better 

than 20 dB between 3.7-9.4 GHz. Simulation results show that 

the center frequency of this type of filter can be adjusted from 

3.3 to 3.8 GHz by carefully modifying the structure’s dimensions. 

The proposed coupling scheme allows to control the filter’s 3 dB 

fractional bandwidth, and results show the fractional bandwidth 

of the filter can be adjusted between 5.52 to 17.7% with 

negligible effect on the stopband characteristics. The proposed 

filter is suitable for applications in high interference 

environments and cognitive radio systems.  

Keywords— Microstrip technology; microwave filters; bandpass 

filters; high selectivity filters; wide out-of-band rejection 

I. INTRODUCTION  

In wireless communication and radar systems, microwave 
bandpass filters play a pivotal role to prevent interference from 
neighboring channels by controlling the frequency response of 
the transmitter and receiver. The next generation of wireless 
communication systems require filters of high-performance 
such as high frequency-selectivity, wide stopband rejection, 
low insertion-loss, and high return-loss. In addition, these 
filters need to be compact and low cost to fabricate in mass 
production. High selectivity and wide stopband rejection are 
important to increase system capacity and suppress unwanted 
interference from other systems in a congested EM spectrum. 
Planar filters implemented with printed circuit technology are 
attractive, as they are easy and economical to fabricate. 
However, conventional filters designed using distributed 
components usually suffer from unwanted spurious responses 
because of their higher-order resonances. The presence of out-
of-band spurious responses can degrade system performance.   

Researchers have extensively investigated bandpass 

filters (BPF) to realize wide stopband response using various 

techniques in [1]. For example, open-circuit transmission-line 

stubs and interdigital capacitors are used to widen the 

stopband of conventional J-inverter filters [1]. In [2], "wiggly 

line" structures realized to reject multiple spurious passbands 

generated in parallel-coupled-line microstrip BPFs. In [3], 

resonators that have the same fundamental frequency as the 

spurious responses but different higher-order resonant 

frequencies are used to suppress spurious responses in the 

filter's stopband. In [4], a wide-stopband microstrip BPF 

design uses quarter-wavelength shorted coupled-lines. 

Stepped-impedance resonators (SIRs) have been used to shift 

higher-order resonant frequencies to achieve wide stopband 

bandpass filters. In addition, the harmonic response of SIR can 

be controlled by manipulating the impedance ratio of the 

resonator [5].  
 
In this article, the design of a highly selective planar 

bandpass filter is presented with a wide stopband necessary to 
suppress unwanted interference over almost three octaves. The 
first filter proposed uses electromagnetically coupled C-shaped 
open-ring resonators that is loaded strategically with inductive 
open-circuited stubs to inject transmission zeros in order to 
realize a wide stopband. The filter is shown to exhibit a highly 
selective passband transmission response. It is also shown that 
when the C-shaped open-ring resonators of the proposed filter 
are interdigitally coupled with the feedline the filter’s passband 
insertion-loss and its stopband rejection level are significantly 
improved.  

  

II. THEORETICAL ANALYSIS OF THE STUB NOTCH FILTER 

A notch filter allows all frequencies to pass through it 

except those in its stopband. Fig. 1 shows the layout of a 

microstrip notch filter. The filter comprises a 50Ω microstrip 

transmission-line which is open-circuit at point S. When a 

signal of wavelength λ transmitted from point A to B, the 

length of the open-circuit line needs to be λ/4 to eliminate it. 

This is because the open-circuit at S will transform into the 

short-circuit at the point where the open-circuit line joins with 

AB and consequently the signals passing along AB will be 
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blocked. The impedance Zin at the junction of the open-circuit 

stub is:  

 

         () 

 

Where  is the phase constant, Zs is stub impedance, 

ZL is the terminating load impedance, and l is the length of the 

line. Since ZL = ∞, we can ignore Zs terms, hence 

 

       () 

 

so (2) become 
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1. Fig. 1. Single stub notch filter. 

 

These results show that a signal with a wavelength of 

λg/4 will see a very low impedance to ground at point S, 

which is short-circuited. Hence, the signal with this 

wavelength will be absorbed from the signals applied at input 

A, which manifests as high attenuation in its insertion-loss 

response at its frequency fo. All other signals remain 

unaffected, hence low insertion-loss except near fo. Note, the 

VSWR is higher at other frequencies since the cotβl term is no 

longer zero. The expression for the insertion-loss for the above 

circuit is given below. 

 

                                                      () 

                      () 

 

The width of the line determines its impedance, i.e. 

the higher the impedance the thinner the line and vice versa. 

When ZS = Z0, this is equivalent to a width of the stub = width 

of the input/output transmission-line. So, Equation (5) can be 

written as  

 

                       () 

So, IL = 0 dB at center frequency. When ZS > Z0, i.e. 

the width of the stub is less than the input/output transmission-

line, the IL → 0 dB at center frequency. 

III. DESIGN AND ANALYSIS OF BPF WHOSE FEEDLINES 

ARE LOADED WITH OPEN-CIRCUITED INDUCTIVE 

STUBS 

The proposed filter structure in Fig. 2 comprises two 

mixed (electric and magnetic) coupled open-ring resonators 

where the input and output feedlines are inductively loaded 

with a pair of open-circuited stubs in the shape of spirals. 

Spiraled open-circuited stubs keep the filter structure compact. 

In this configuration strong electromagnetic coupling with the 

C-shaped open-ring resonator is realized. This filter design is 

fabricated on standard substrate Arlon CuClad217LX with 

thickness h = 0.794 mm, dielectric constant εr = 2.17, 

thickness of conductor t = 35 microns, and loss-tangent δ = 

0.0009. The characteristic impedance of feedlines is 50Ω with 

a width of 2.42 mm. The filter was designed at a center 

frequency of 3.2 GHz and 3 dB bandwidth of 250 MHz. 

Attenuation zeros are introduced in the filter’s transmission 

response at 2.95 GHz and 3.45 GHz, with corresponding  

lengths l1 and l2, respectively, calculated using Equations (7) 

and (8) [6]. 

 

                                      () 

                                             () 

 

The location of the stubs on the feedlines of the filter 

were determined through simulation analysis ensuring good 

in-band performance is maintained. Simulation and 

optimization were accomplished using Keysight 

Technologies’ Advanced Design System (ADS™) momentum 

software. The optimized design parameters are: W1 = 0.2 mm, 

W2 = 2.42 mm, l1 = 19.1 mm, l2 = 12.79 mm, S1 = 0.6 mm, S2 = 

0.67 mm, Lx1= 13.37 mm, Lx2 = 29 mm, Ly1 = 21.38 mm, Ly2 = 

13.82 mm, and Wb = 0.2 mm. The simulated transmission 

response of the filter without and with spiral loaded feedlines 

are shown in Figure 3 (a) & (b). Comparison of these two 

responses shows that the filter with spiral loading generates 

three transmission zeros on both sides of the passband 

response. The transmission zeros at 2.9 GHz and 3.5 GHz 

correspond to open-stub lengths l1 and l2, respectively, loaded 

on the feedlines. The spiral loaded feedlines significantly 

improve the out-of-band rejection performance, which is 

greater than 20 dB. In addition, the return-loss is better than 

16 dB and insertion-loss centered at 3.2 GHz increased to 1.3 

dB which mainly attributed to conductor losses. The measured 

response with spiral loaded feedline, shown in Fig. 3 (c), has 

insertion-loss of 1.7 dB and return-loss better than 15 dB. 
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(b) 

Fig. 2.    (a) Layout (b) photograph of proposed bandpass filter. 

 

 
(a) 

 
(b) 

Fig. 3. (a) Simulated S-parameter response without spiral loaded 

feedline(b) Simulated S-parameter response with spiral loaded 
feedline 

 

IV. INTERDIGITALLY COUPLED BANDPASS FILTER STRUCTURE 

The input and output feedline coupling scheme, shown in 
Fig. 2, was modified to that shown in Fig. 4, where the C-
shaped open-ring resonators are coupled to the input and output 
via three-finger interdigital capacitors. The physical 
dimensions of this filter are: Wa = 0.2 mm, l1 = 2.636 mm, l2 
= 2 mm, l3= 5.47 mm, l4= 10.69 mm, Lb1 = 2mm, Lb2 = 1 
mm, Lb3 = 15.978 mm, S1 = 0.58 mm, S2 = 0.277 mm. The 
simulated and measured responses in Fig. 5 show that with this 
feedline approach the filter response is significantly improved 
with a flatter passband response with insertion-loss of 1.2 dB 
and return-loss better than 10 dB, sharper roll-off, steep skirt 
selectivity and a 3 dB bandwidth of 700 MHz (3.1 to 3.8 GHz) 
centered at 3.4 GHz. The filter response exhibits a 3 dB 
fractional bandwidth of 17.7% and the group-delay in the 
passband varies between 0.3 to 0.5 ns. In addition, the 
stopband rejection is >20 dB extending up to 9.4 GHz (i.e. 

2.76f0). There is excellent correlation between the simulated 
and measured results. 
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     (b)                                                   

Fig. 4. (a) Configuration of the filter with three fingers interdigital 
coupled feedlines (b) photograph of the proposed filter. 

 

 
             (a)   

 

 
(b) 

Fig. 5. (a) Simulated S-parameter response of the proposed filter (b) 

Measured response of the proposed filter 

A. Adjustable Center Frequency and Transmission zero 

Characteristrics  

Fig. 6 shows that the center frequency of the 

proposed filter can be changed with negligible effect on the 

filter’s passband shape and overall transmission response. The 

center frequency shifts by 176 MHz as the length l4 is varied 

from 11.09 to 10.29 mm. The tuning range of the center 

frequency is from 3.3 to 3.8 GHz, and the corresponding 

insertion-loss varies from 0.53 to 0.98 dB and return-loss from 

9.8 to 21 dB. Fig. 7 shows that the transmission zeros at the 

passband upper and lower edges can be controlled 
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independently with insignificant degradation in the frequency 

response. In fact, the length l3 controls the lower transmission 

zero which shifts toward the lower frequencies as the length is 

changed from 5.47 to 6.07 mm, and the upper transmission 

zero moves toward the lower frequencies as the length l2 is 

changed from 2.2 to 2.8 mm. Small variation in the passband 

shape is observed with change in lengths l2 and l3.  
 

 
(a)  

        
(b)                                                                                            

Fig. 6. Frequency response of the proposed filter as a function of 
resonator length l4 

 
         (a)                                                                            

          
                  (b) 

Fig. 7. Frequency response of the proposed filter as a function of 
resonator lengths (a) l2 (b) l3 

 

B. Fractional Bandwidth Characteristics 

By manipulating the geometric parameters of the 
interdigital capacitors shown in Fig. 4 allows to control the 
filter’s bandwidth. The maximum 3 dB fractional bandwidth 
achievable is 17.7% with physical dimensions of: Wa = 0.2 
mm, l1 = 2.636 mm, l2 = 2 mm, l3= 5.47 mm, l4= 10.69 mm, Lb1 
= 2mm, Lb2 = 1 mm, Lb3 = 15.978 mm, S1 = 0.58 mm, S2 = 
0.277 mm. The minimum 3 dB fractional bandwidth 
achievable using this configuration is 5.52% and it’s out-of-
band rejection level is ≥ 20 dB across 1 to 3.5 GHz and ≥ 18 
dB across 3.3 to 10.4 GHz, as shown in Fig. 8. The optimized 
physical dimensions of the narrow band bandpass filter are: Wa 
= 0.2 mm, l1 = 2.536 mm, l2 = 2.736 mm, l3 = 4.136 mm, l4 = 
10.47 mm, Lb1 = 2.3 mm, Lb2 = 1.74 mm, Lb3 = 15.3088 mm, 
S1 = 0.884 mm, S2 = 0.89 mm.  

 
   (a) 

 
      (b)                                                                                                                                                  

Fig. 8. The insertion and return-loss response for the narrow 3-dB 

fractional    bandwidth, (a) Close up view (b) Full response 
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TABLE:  COMPARISON OF PROPOSED BPF WITH OTHER 

PUBLISHED BPFS 

References Center 

frequency 

(GHz) 

Upper stopband 

(GHz) for S21 ≥ 

20 dB 

Insertion-

loss (dB) 

εr 

[7] 1.7–2.7 4 4.9–3.8 2.2 

[8] 0.95–1.49 4 4.1–1.6  6.15 

[9] 0.77–1.42 2.4 3.1–1.0 3.38 

[10] 0.97–1.53 3 4.2–2.0 3.55 

[11] 0.95–1.35 2.1 5.6–4.7 3.5 

This work 3.3–3.8 9.4 1.2–0.53 2.17 

 

Table shows the comparison of salient features 

between the proposed filter and bandpass filters reported in 

the literature. The proposed filter shows low insertion-loss, 

high selectivity across its entire adjustable range. The 

proposed filter is of a compact structure that was constructed 

on a relatively low dielectric substrate and exhibits 

significantly high out-of-band rejection level over a wide 

frequency span. Other filter structures reported in the table are 

of a complex design with a larger footprint and increased 

fabrication cost. 

V. CONCLUSION 

The proposed planar microwave bandpass filter is shown to 
exhibit desirable characteristics of relative low insertion-loss, 
high return-loss, sharp roll-off skirts, high selectivity and a 
wide stopband with a high rejection level. The proposed filter 
is composed of two mixed (electric and magnetic) coupled C-
shaped open-ring resonators that are interdigitally coupled with 
the feedlines. It is shown that the physical dimensions of the 
proposed filter configuration can be adjusted to provide a filter 
with 3 dB fractional bandwidth from 5.5 to 17.7%. These 
features make the filter applicable in wireless communication 
systems that operate in highly interfering environments and 
cognitive radio systems. 
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