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Abstract. The research presents a novel combination of 

an asymmetric coupling with a stepped impedance resona-

tor (ACSIR) to realize high performance bandpass filter, es-

pecially an ultra-wide stopband rejection. A basic second-

order bandpass filter was developed and subsequently ex-

tended to a fourth-order configuration to improve key per-

formance metrics, including wide stopband characteristics 

and compact size, without compromising insertion loss. The 

use of asymmetric coupling enables optimization of the filter 

response while preserving a simple configuration. Further-

more, the resonance conditions associated with the asym-

metric coupling were examined through mathematical anal-

ysis. The proposed ACSIR filter achieved an enhanced 

fractional bandwidth (FBW) of 15.4%, a low insertion loss 

of 0.64 dB, and wide stopband rejection extending up to 

7.25 f0 tailored for WLAN applications operating at 

2.45 GHz. 
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1. Introduction 

Bandpass filters play a crucial role in enhancing the 

performance, reliability, and efficiency of WLAN systems, 

making them an essential component in wireless communi-

cation technologies. Traditional filter designs often face 

challenges in meeting performance requirements while ad-

hering to size constraints, as modern devices continue to 

miniaturize while demanding wider bandwidth, wide stop-

band and lower loss.  

The equivalent circuit of a two-port network and the 

impedance or admittance parameters of a uniformly coupled 

four-port network in a microstrip inhomogeneous medium 

as investigated in [1], [2] respectively. The coupling rela-

tionship and design equations for non-symmetric coupled 

lines with unequal characteristic impedances are discussed 

in [3]. The transmission line model presented in [4] estab-

lishes a relationship between the position of transmission ze-

ros and the tapping configuration, distinguishing between 

symmetric and asymmetric tapping points. Several popular 

hairpin resonator configurations are presented in [5–7] and 

[8–10], focusing on design methodologies involving imped-

ance and electrical length ratios. Additionally, power han-

dling capabilities are analyzed in [11–14], while parallel 

coupled lines with open stubs are explored in [15], [16] to 

achieve high selectivity and a wide stopband.  

Various symmetrical filter structures have been pro-

posed, including high- and low-impedance triple coupled 

lines [17], coupled ring resonators sandwiched between in-

put and output feed lines [18], cross-shaped resonators with 

open or shorted parallel coupled lines [19], and double-

folded hairpin lines with a cross-coupled configuration [20]. 

Additional designs include microstrip slot lines with copla-

nar waveguide structures [21] and substrate integrated wave-

guide cavities with rectangular slots [22], all featuring com-

plex layout topologies with potential for further stopband 

enhancement. 

Inline microstrip bandpass filter described in [23] uses 

various cross-couplings for introducing transmission zeros. 

Wide upper stopband is obtained by quarter-wave stepped-

impedance resonators at the expense of high insertion loss. 

Hairpin structured filter [24], serial and parallel resonators 

tuned filter [25], and dumbbell-shaped defected ground 

structures (DGSs) based filter [26] offer improved filtering 

at the cost of increased size. 

The filter designed for GNSS applications, as de-

scribed in [27], stepped-impedance resonator folded struc-

ture using SISL technology is presented in [28], Y-shaped 

dual-band bandpass filter (DBBPF) in [29], cascaded cou-

pled lines in [30], and parallel-coupled line based filter [31], 

were used to improve passband characteristics and selectiv-

ity by effectively introducing transmission zeros. A coupled 

lines topology in [32], quasi-reflectionless BPF [33] and T-

shaped line coupled with SIR [34] were utilized to get wide 

bandwidth by compromising its circuit size. 

The present study overcomes the limitations of previ-

ous research studies by proposing a novel combination of 

asymmetric coupling with stepped impedance resonators 

(SIRs). The SIR structure offers effective control over har-

monic suppression and compact size. Asymmetric coupling, 

on the other hand, played a significant role in enhancing key 

performance metrics, particularly by enabling low insertion 
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loss and wide bandwidth. The resonance conditions associ-

ated with asymmetric coupling were analyzed in detail in 

this work. Building on these insights, a second-order band-

pass filter was developed. It was further extended to a fourth-

order configuration, offering wider stopband and reduced 

size, without compromising insertion loss. By leveraging the 

complementary characteristics of asymmetric coupling and 

SIRs, the proposed filter achieves two-stage miniaturization, 

enhanced stopband and low insertion loss.  

2. Stepped Impedance Resonator with 

Asymmetric Coupling 

In this context, the significance of asymmetric cou-

pling is highlighted, along with its structural representation. 

2.1 Second Order SIR with Asymmetric 

Coupling 

In order to design proposed filter, a basic half-wave-

length stepped impedance resonator is developed, as shown 

in Fig. 1. The impedances and electrical lengths associated 

with the two sections of the resonator are Z1, Z2, θ1 and θ2 

respectively. 

The fundamental resonance and the first spurious sig-

nal of the resonator are given in (1), 

 2
1 1 2

1

tan cot cot
Z

Z
     . (1) 

The SIR is designed for a fixed fundamental resonance, 

while the spurious frequencies can be varied by selecting 

different values of u = θ1/(θ1+θ2) and R = Z2/Z1 as depicted 

in Fig. 2. The obtained resonator parameters at 2.4 GHz are 

Z1 = 78 Ω, Z2 = 33 Ω, θ1 = 38 deg, and θ2 = 24 deg. 

Basically, stepped impedance resonators are coupled to 

lines of the same impedance (low-low or high-high imped-

ances), forming symmetric coupled lines to achieve a BPF 

response. In contrast, asymmetric coupled lines involve cou-

pling between different impedance lines (low-high or high-

low). To realize this, two stepped-impedance resonators are 

connected in a configuration that enables coupling between 

unequal impedance lines, thereby producing asymmetric 

coupling. This introduced coupling interacts symmetrically 

with both sides of the resonators, resulting in the formation 

of a new resonator structure. 

An asymmetric coupled-line analysis in an inhomoge-

neous medium begin with impedance matrix of a four-port 

network, obtained from the port current-voltage relation-

ships. The lossless coupled-lines system is characterized by 

z1 and z2, the self-impedance per unit length of lines 1 and 2, 

and zm, the mutual impedance between the lines. The nor-

mal-mode parameters such as propagation constants and 

voltage ratios, are represented by γc and γπ, and Rc and Rπ, 

respectively, which are derived from the eigenvalues and ei-

genvectors of the system. Z1 and Z2 denote the characteristics 

impedances of the uncoupled lines 1 and 2, respectively. The  

 

Fig. 1.  Stepped impedance resonator. 

 

Fig. 2.  Resonance of SIR. 

 
 

                     (a)                                                    (b) 

Fig. 3.  (a) Structure; (b) Equivalent circuit of open-circuited 

inter-digital section. 

quantities Zc1, Zc2, Zπ1, and Zπ2 correspond to the character-

istics impedances of lines 1 and 2 for the C and π modes, as 

given in [2]. 

In the proposed design, the open-circuited interdigital 

two-port section shown in Fig. 3 is obtained from the four-

port network by setting I2 = 0 and I4 = 0. The resulting im-

pedance parameters for a homogeneous medium given in [2] 

are rewritten for the inhomogeneous medium, as presented 

in (2)–(4): 

  1/2

11 1 2 c1 c π1 π   j / 2( / ) cot cot ,Z Z Z Z Z      (2) 

  13 31 c1 c π1 π  j / 2 csc ,Z Z Z Z       (3) 

  1/2

33 2 1 c1 c π1 π  j / 2( / ) cot cot .Z Z Z Z Z     (4) 

The design steps are summarized as follows: 

1. Select the desired center frequency (f0) and substrate, 

and determine the initial dimensions. 

2. Calculate the impedances per unit length by consider-

ing the line widths and spacing using quasi-static ana-

lytical formula. 

3. Obtain the eigenvalues and eigenvectors to determine 

the propagation constant of the modes. 

4. Use the eigenvalues to compute the modal impedances 

and the eigenvectors to determine the voltage ratios. 

5. Finally, use the obtained parameters to calculate the 

resonance of the filter. 
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Zc1 = 121 Ω Zπ1 = 38.9 Ω 

Zc2 = 55.5 Ω Zπ2 = 19.9 Ω 

Z1 = 78 Ω Z2 = 33 Ω 

eff,c = 1.78 eff,π = 2.05 

Tab. 1.  Parameters of equivalent transmission line model. 

 

Fig. 4.  Layout of ACSIR BPF. The dimensions are L1 = 6.2 mm, 

L2 = 12.2 mm, LC = 6 mm, W1 = 1.1 mm, W2 = 4.2 mm 

and S = 0.3 mm. 

Table 1 lists the appropriate values decided for the 

asymmetric-coupling based stepped-impedance resonators. 

These values are calculated starting from the initial dimen-

sions of stepped impedance resonator and are further refined 

using the design procedure discussed earlier. 

Figure 4 shows the stepped impedance bandpass filter 

with asymmetric coupling forming coupling between une-

qual characteristic impedance. The aim of the proposed 

ACSIR filter design leverages stepped impedance resonators 

that enable flexibility in impedance selection, allowing fine-

tuning of bandwidth and resonance characteristics. Addi-

tionally, the asymmetric coupling facilitates an innovative 

means to control and optimize the filter’s frequency re-

sponse, contributing to the desired passband characteristics 

without increasing the overall size.  

The asymmetric connection provides a comparatively 

longer coupling length than both end and symmetric cou-

pling configurations. It employs both maximum coupling 

and maximum impedance transformation in a single archi-

tecture. Fine-tuning on coupling enables smooth adjustment 

of the bandwidth and allows filters to be more easily adapted 

to the desired operational frequency range, without altering 

the position of transmission zeros, unlike symmetric and 

end-coupling configurations. Thus, it resulted in finer con-

trol over both passband bandwidth and stopband parameters. 

Asymmetrical coupling facilitated the design of the more 

compact filter. Consequently, it enhances the overall perfor-

mance of the system.  

2.2 Fourth Order SIR with Asymmetric 

Coupling 

Based on the achievements of the second-order design, 

a fourth-order configuration was developed for improving 

its stopband width and maintaining low insertion loss. This 

 

Fig. 5.  Layout of the fourth order ACSIR BPF with open stubs. 

The layout dimensions are L1 = 9.2 mm, L2 = 6 mm, 

L0 = 8.5 mm, L3 = 11.5 mm, L4 = 12 mm, L5 = 12 mm, 

L6 = 12 mm, W1 = 1.1 mm, W2 = 4.2 mm, W3 = 1 mm, 

S1 = 0.3 mm, S2 = 0.8 mm. 

research, thus, contributes a practical and scalable solution 

to the design of bandpass filters, highlighting the effective-

ness of stepped impedance and asymmetric coupling in 

achieving a compact footprint and high-quality filter re-

sponse. The ACSIR filter offers a significant advancement 

in filter design, meeting the demands of the state-of-the-art 

communication systems for both performance and miniatur-

ization. 

The design was scaled to a higher-order configuration 

by employing four stepped impedance resonators, each 

asymmetrically coupled to the successive resonators. The 

fourth order stepped impedance resonator with asymmetric 

coupling and couple of open stub at the feed lines are shown 

in Fig. 5. The proposed bandpass filters are designed, simu-

lated and tuned using Keysight ADS (Advanced Design Sys-

tem) 2020 full-wave electromagnetic simulator. Increasing 

the order of the filter enables the achievement of low inser-

tion loss and sharp roll-off rate, which consequently im-

proves the overall performance of the filter in addition to the 

signal integrity. The structure of coupling was optimized to 

reduce the design and fabrication complexity.  

The roll-off rate and insertion loss (IL) increase with 

the order of the resonator (n), as expressed in (5) and (6): 

 Roll-off rate = 20 × n (dB/decade), (5) 

 IL = n × loss per resonator.  (6) 

The bandwidth (BW) narrows with higher order for the 

same ripple, indicating better frequency discrimination, as 

expressed in (7), 

 BW = 1/n.  (7) 

The proposed filter has a consideration from the per-

spective of its geometry. Due to the resonator structure and 

coupling configuration, the physical layout may exhibit mi-

nor parasitic effects, such as unwanted coupling between ad-

jacent sections, which can slightly shift the resonant fre-

quencies. However, this consideration remain within 

acceptable ranges and is mitigated through careful layout 

optimization. 



78 N. PRITHA, S. MAHESWARI, ASYMMETRIC COUPLED-RESONATOR BANDPASS FILTER FOR ULTRA-WIDE STOPBAND … 

  
(a)                                                        (b) 

Fig. 6.  (a) π mode circuit and (b) C mode circuit. 

3. Resonance Conditions of ACSIR 

The π and C πmode circuits of asymmetric coupled line 

are shown in Fig. 6(a) and Fig. 6(b), respectively. For sim-

plicity, the coupled lines are considered as stubs during the 

analysis. Consequently, the π and C modes correspond to the 

odd and even modes of a general stepped impedance resona-

tor structure. 

3.1 Π Mode Analysis 

Input impedance for π mode is 

 o1 π1 2
in,π π1

π1 o1 2

j  tan

j tan

Z Z
Z Z

Z Z









  (8) 

where 

 
o1 1 1j  tanZ Z  . (9) 

Substituting (9) in (8), 

  π1 2 1 1

in,π π1

π1 1 1 2

tan tan
j .

tan tan

Z Z
Z Z

Z Z

 

 





 

Equating Zin,π = ∞, then 

 
π1 1 1 2tan tan 0.Z Z       (10) 

The resonant frequencies of π modes are, 

 1
1 2

1

tan tan .
Z

Z

     (11) 

Rewriting (11) as, 

 π1
1 2

1

 tan tan 0.
Z

Z
      (12) 

By solving, π mode resonance frequency can be obtained. 

3.2 C Mode Analysis 

Input impedance for C mode is 

 o2 c1 2
in,c c1

c1 o2 2

j tan
.

j tan

Z Z
Z Z

Z Z









 (13) 

where 

 
o2 1 1j  cotZ Z   . (14) 

Substituting (14) in (13) 

  1 1 c1 2

in,π c1

c1 1 1 2

cot tan
j .

cot tan

Z Z
Z Z

Z Z

 

 


 


.  

Equating Zin,c = ∞, then 

 
c1 1 1 2cot tan 0.Z Z      (15) 

The resonant frequencies of C mode is, 

 c1
1 2

1

cot tan .
Z

Z
     (16) 

Rewriting (16) as, 

 c1
1 2

1

 cot tan 0.
Z

Z
      (17) 

By solving, C mode resonance frequency can be obtained. 

The π and C mode resonance frequencies were derived 

using equations from (8) to (17) with 6 dB coupling between 

the coupled lines. With L1 = 12 mm, L2 = 6 mm, modal im-

pedance ratio Zπ1/Z1 = 0.44, modal phase constant βπ and ve-

locity υpπ, the π mode resonance frequency is obtained as 

2.45 GHz using (12). Using the same lengths but different 

modal impedance ratio ZC1/Z1 = 1.5, modal phase constant 

βC and velocity υpc, the C mode resonance frequency is ob-

tained as 6.01 GHz using (17). Because υpπ < υpc, the odd 

mode exhibits stronger field concentration, resulting in 

a higher effective permittivity. Consequently, the even mode 

resonance occurs at a higher frequency fπ > fC. Stronger cou-

pling leads to greater frequency separation between the fun-

damental and spurious resonances. This enhances the filter’s 

spurious-free dynamic range. 

3.3 Tapping Position 

The tapping position of the feed lines are defined by 

(18) and (19). The tapping position refers to the point where 

energy is coupled into or out of the resonator.  

 2
1 c

1

tan tan ,
Z

Z
     (18) 

  2
2 c

1

tan tan .
Z

Z
    (19) 

The tapping position is typically chosen along the 

length of the resonator, which is often a quarter-wavelength 

(λ/4) or half-wavelength (λ/2) structure. The amount of en-

ergy coupled into or extracted from the resonator depends 

on the tapping position. At certain positions, the electric or 

magnetic field strength is maximum or minimum, corre-

sponding to anti-nodes and nodes, respectively. Placing the 

tap near an anti-node (maximum field strength) results in 

stronger coupling, while placing it near a node (minimum 

field strength) results in weaker coupling. The tapping posi-

tion affects the impedance seen by the input or output port 

of the designed filter as denoted in Fig. 4. Optimization 

helps in controlling the tapping position to achieve imped-

ance matching for maximum power transfer or desired filter 

characteristics. 

The simulated results of various tapping positions are 

as shown in Fig. 7. When tapping is placed at 0.33 λ/2 

(L = 9 mm), perfect impedance matching, also maximum 

power transfer can be achieved. When tapping is placed at 
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Fig. 7.  Simulated results with various tapping position of ACSIR. 

0.29 λ/2 (L = 7.8 mm) and 0.45 λ/2 (L = 12.2 mm), power 

loss occurs due to impedance mismatch between the source 

and load. 

When the tapping position is fixed at the center of the 

stepped impedance resonator at λ/2 (L = 13.7 mm), the 

power null will get delivered to the load. 

4. Results and Discussions 

The substrate used was Rogers RT 5870 with εr of 2.33, 

h of 0.785 mm and dielectric loss tangent of 0.0012. The 

simulated results were obtained using ADS momentum and 

measurement carried out by E5062A vector analyzer. 

The response of second-order asymmetric coupling fil-

ter is shown in Fig. 8, indicating a 3 dB bandwidth ranging 

from 2.1 to 2.6 GHz, with a fractional bandwidth of 20% and 

a center frequency of 2.45 GHz. The transmission zeros at 

2 GHz and 3 GHz indicate the filter's selectivity. 

A shape factor of 1.8 is achieved, along with excellent 

in-band performance, demonstrated by an insertion loss (S21) 

of 0.2 dB and a return loss (S11) of 24 dB. However, the stop-

band rejection is limited to 6 dB in the lower stopband and 

10 dB in the upper stopband, primarily due to the second-

order filter design. Despite this limitation, the key parame-

ters indicate efficient overall performance, with the excep-

tion of stopband suppression. 

The analysis of fourth order BPF with asymmetric cou-

pling is discussed further. As the coupling length between 

 

Fig. 8.  Response of basic ACSIR BPF. 

 

Fig. 9.  Comparison of ACSIR BPF with various coupling 

length L. 

adjacent resonators is increased in steps of 0.5 mm, the sec-

ond harmonic appears in all cases except when the length L0 

is 8 mm. A wide bandwidth can be achieved, with only 

a slight shift in the transmission zeros, while maintaining the 

same level of insertion loss. As shown in Fig. 9, the coupling 

length between the resonators significantly influenced the 

suppression of spurious signals and the rejection level in the 

upper stopband. 

As the coupling gap increases from 0.3 mm to 0.9 mm 

in increments of 0.3 mm, a corresponding increase in band-

width is observed, along with a slight shift in the transmis-

sion zeros, as shown in Fig. 10. Variations in the coupling 

gap also influence key parameters such as fractional band-

width, shape factor, the position of transmission zeros in the 

lower band, and the rejection level in the upper stopband. 

 

Fig. 10.  Comparison of ACSIR BPF with various coupling gap S. 

 

Fig. 11. Comparison of S21 between end, symmetric and 

asymmetric coupling. 
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The comparison in magnitude responses of insertion 

loss between end coupling, symmetric coupling, and asym-

metric coupling is shown in Fig. 11. From the observation of 

the response, asymmetric coupling resulted in a notably low 

insertion loss and wide bandwidth. 

The transmission zeros were visibly shifted away from 

their positions in the end-coupling configuration. Addition-

ally, the rejection level in the upper band was improved, ef-

fectively suppressing second harmonics when asymmetric 

coupling was employed in the design. 

From the magnitude response of S11, it is observed that 

the return loss is significantly deeper in the asymmetric cou-

pling configuration compared to other coupling types. As 

shown in Fig. 12, the loss remains below one at the second 

harmonic, indicating effective rejection at that frequency 

when asymmetric coupling is applied. 

 

Fig. 12.  Comparison of S11 between end, symmetric and 

asymmetric coupling. 
 

Design 
FBW 

(%) 

IL  

(dB) 

HS 

(20 dB Attn. GHz) 

Size 

λg × λg 

End coupling 1 2.2 5.9 0.37 × 0.37 

Symmetric 

coupling 
2.9 1.27 5.78 0.35 × 0.35 

Asymmetric 

coupling 
20 0.42 9.8 0.25 × 0.25 

Tab. 2.  Comparison of simulated responses (HS-harmonic 

suppression, FBW- fractional bandwidth). 

 

Fig. 13.  Simulated response of fourth order ACSIR BPF without 

open stubs. 

From Tab. 2, types of couplings and their parameters 

can be gathered. End coupling, symmetric coupling, and 

asymmetric coupling were compared, and it can be con-

cluded that asymmetric coupling is proven to be the most 

effective choice for achieving low insertion loss, wide frac-

tional bandwidth (FBW), and compact filter size. 

The simulated response of fourth order asymmetric 

coupling BPF without open stubs at the feedline can be seen 

in Fig. 13. 

At center frequency of 2.45 GHz, insertion loss of 

0.42 dB and return loss of 39.2 dB was noted. The stepped 

impedance resonator introduced in the design with selected 

impedance and electrical length ratio, second order 

(6.01 GHz) and fifth order (17.93 GHz) spurious signals 

were rejected. Thus, an out-of-band attenuation of 20 dB 

was observed up to a frequency of 9.8 GHz (3.55 f0). To en-

hance the rejection in stopband, open stubs with desired 

lengths were incorporated.  

The simulated response of fourth order asymmetric 

coupling BPF with open stubs can be seen in Fig. 14. The 

simulated odd and even mode resonance frequencies were 

2.45 GHz and 6.01 GHz, and the transmission zeros were at 

2 and 3.8 GHz. In order to achieve good out-of-band re-

sponse, the fourth order resonator structure and the open 

stubs were introduced at feed line. 

From the analysis of the response of fourth order asym-

metric coupling BPF with open stubs, good insertion loss of 

0.52 dB and return loss of 24.13 dB were observed. The es-

tablished stubs rejected higher mode spurious signals from 

second order (6.51 GHz), third order (11.12 GHz), fourth or-

der (15.18 GHz), and fifth order (17.93 GHz). Enhanced 

out-of-band attenuation of 20 dB was achieved up to 

19.64 GHz (7.25 f0), with further 15 dB attenuation beyond 

27 GHz (10 f0). 

 

Fig. 14.  Simulated response of fourth order ACSIR BPF with 

open stubs. 

 

Fig. 15.  Photograph of proposed filter with measurement setup. 
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Ref 
f0 

(GHz) 

IL 

(dB) 

RL 

(dB) 

FBW 

(%) 

Spurious 

signal 

Size 

 λg× λg 

[17] 2.4 1.2 15 12.1 2.5f0 (20 dB) 0.28 × 0.16 

[18] 2.1 1.8 > 12 19 3f0 (18 dB) 0.39 × 0.28 

[19]-I 2.9 0.7 12 10.4 –(15 dB) 0.2 × 0.2 

[20] 2.5 1.2 25 4 3.76f0 (35 dB) 0.22 × 0.27 

[21] 2.94 < 0.5 ≥ 18.3 116.4 3f0 (18.53 dB) 0.73 × 0.51 

[22]-I 0.87 0.7 23.63 15.7 3.86f0 (20 dB) 0.036 λg
2 

[23] 1 2.6 15 20 3.98f0 (30 dB) 0.11 × 0.06 

[24] 2 1.3 11.3 - 10f0 (32 dB) 0.64 × 0.43 

[25] 2.45 0.798 22.7 10 - 0.92 × 0.34 

[26] 6 - 18 63 2.8f0 (25 dB) 0.62 × 0.19 

This 

work 
2.45 0.64 18.5 15.4 

7.25f0 (20 dB) 

10f0 (15 dB) 
0.25 × 0.25 

Tab. 3.  Comparison of previous works with the proposed work. 

 

Fig. 16.  Response of simulated and measured responses. 

In Fig. 15, the left side displays a photograph of the 

fabricated filter, and the right side shows the measurement 

setup. The measurements were performed with the aid of 

vector analyzer, and the output depicting both simulated and 

measured responses of S11 and S21 as shown in Fig. 16.  

As observed, the measured S11 at the center frequency 

drops to 18.5 dB, compared to the simulated value of 

24.13 dB, primarily due to reflections during measurement. 

As expected, the measured S21 response closely aligned with 

the simulated results, ranging from 0.52 dB to 0.64 dB. 

Higher-order bandpass filters with asymmetric cou-

pling leveraged these benefits to deliver superior perfor-

mance, adaptability, and efficiency in a wide range of com-

munication applications. The measured parameters of 

various works with proposed work are compared as depicted 

in Tab. 3. The proposed fourth order stepped impedance res-

onator with asymmetric coupling is designed at 2.4 GHz, fo-

cused to deliver low insertion loss of 0.64 dB and better re-

turn loss of 18.5 dB. 

The miniaturization in filter size of 0.25 λg × 0.25 λg 

and better out of band attenuation was achieved with 20 dB 

till frequency of 19.64 GHz (7.25 f0), further 15 dB attenua-

tion more than 27 GHz (10 f0) was also achieved. Also, nar-

row band with fractional bandwidth of 15.4% was measured 

from the response. The comparison confirmed that the 

stepped impedance resonator with asymmetric coupling is 

a superior choice for achieving low insertion loss, high re-

turn loss, narrow bandwidth, compact size, and excellent 

out-of-band attenuation, effectively rejecting spurious sig-

nals from the second to the sixth harmonic. The results 

demonstrated that the ACSIR filter performs as intended, of-

fering low insertion loss and a compact footprint, thereby 

validating its suitability for practical applications. 

5. Conclusion  

This work presents a bandpass filter based on an asym-

metric coupling with stepped impedance resonator. The in-

corporation of asymmetric coupling proved critical in mini-

mizing insertion loss and enabling precise passband control 

without increasing the filter’s physical footprint. Addition-

ally, careful impedance selection within the resonator allows 

fine-tuning of bandwidth and resonance frequencies. The 

successful design and validation of both second- and fourth-

order configurations confirmed the scalability and adaptabil-

ity of the ACSIR filter for applications demanding a wide 

stopband and high performance in compact spaces. This 

two-tiered approach, combining impedance optimization 

with innovative coupling techniques, demonstrated strong 

potential for advancing miniaturized RF component design. 
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