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Abstract — The design objectives for a bandpass fil-
ter intended for modern wireless applications include
achieving wide stopband attenuation and preserving sig-
nal strength within the passband. The proposed archi-
tecture aims to provide an effective solution for WLAN
systems by minimizing insertion loss while sustaining
other essential performance parameters. An asymmetric-
short to the stepped impedance resonator (ASSIR) band-
pass filter is presented. The second-order end coupled
filter is initially designed, and transmission zeros and
resonance frequencies are mathematically derived using
ABCD parameters and odd and even mode calculations,
respectively. A middle-short is introduced to the res-
onators to increase the depth of transmission zeros at
the band edges. Further, an asymmetric-short to the res-
onators, along with stubs at the feed lines, is incorporated
to realize an ultrawide stopband until 12.8 GHz and also
to achieve compactness of 0.34gx0.18 4 g without mod-
ifying the structure. The low-cost FR4 substrate £, = 4.4,
simple end-coupled ASSIR bandpass filters is mathemat-
ically verified, simulated and measured at 2.45 GHz with
an in-band low insertion loss of 1.4 dB.

Index Terms - Asymmetric-short, bandpass filter,
middle-short, stepped impedance resonator.

L. INTRODUCTION

In today’s widely congested electromagnetic spec-
trum, microwave bandpass filters (BPFs) are essential
RF devices to perform signal selection and out-of-system
interference mitigation simultaneously. Different archi-
tectures for size reduction, extended stopband, and high
gain are necessary for upgrading the overall system per-
formance.

The empirical formula for parallel coupled stepped
impedance resonator design in [1] deals with the arbi-
trary coupling length of the resonator and quarter
wavelength coupling to control spurious response and
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insertion loss. The analysis of fundamental character-
istics of various wavelength stepped impedance res-
onators, such as equivalent circuit, spurious response,
resonance conditions, and resonator length, is presented
in [2] whose practical applications are reported. The
bandpass filters with various coupling and odd and even
mode impedance are presented in [3]. The relationship
between transmission zeros and the position of feed lines
is discussed in [4] for a microstrip filter.

The spurious modes of the stepped impedance res-
onator [5] are analyzed based on length and impedance
ratios to extend the rejection in stop band. The resonators
[6] are selected in such a way to get a fixed fundamen-
tal frequency but with different spurious frequencies in
order to suppress spurious signals. A lowpass filter [7]
with both end and parallel coupling is designed with slow
wave effect to obtain both compactness and suppression
of spurious signals. A meandered resonator loaded with
a shorted stub is presented in [8] for compact size, wide
stop band and better selectivity.

II. LITERATURE REVIEW

Coupled line filters in [9] and cross-structured res-
onators with coupled lines are reported in [10] for
miniaturization in size, but trade-offs between key char-
acteristics such as insertion loss and stopband rejection
need to be considered for the filter design. Resonators
in the shunt branch of elliptic filters in [11], pairs of
coupled lines in [12], a pair of resonators with differ-
ent resonance frequencies in [13], and a coupled line-
stub cascaded structure in [14] are used for generating
required transmission zeros to realize out-of-band sup-
pression and deep roll-off skirts. A minimum degree of
attenuation is achieved in the stopband.

The quasi-elliptic bandpass response obtained in
[15], a filter with stepped impedance stubs [16], stepped
impedance resonator-based coupled lines in [17], and
various slots and open stubs used in substrate-integrated

https://doi.org/10.13052/2025.ACES.J.400706

1054-4887 © ACES


https://doi.org/10.13052/2025.ACES.J.400706

waveguide (SIW) structure [18] improve frequency
selectivity by placing transmission zeros near the pass-
band while limiting attenuation over the wide stop-
band. Middle-shorted hairpin resonators in [19], short-
circuited stub-embedded ring resonators in [20], inter-
resonance in post-loaded SIW resonators described in
[21] and adjustable transmission zeros achieved by mod-
ifying length of the apertures embedded in SIW [22] are
employed to realize a wide stopband but use complex
design topology. Substrate integrated waveguide-based
filters using rectangular slots in two quarter-mode cav-
ities [23] focus on suppressing the second mode and
lowering the third mode’s coupling to improve stopband
rejection, but this results in minimum rejection.

In the proposed work, an end-coupled stepped
impedance resonator-based bandpass filter is initiated to
analyze transmission zeros and resonance frequencies.
To the best of our knowledge, developing a filter with
a wide stopband and compact size remains a challenging
task. The end-coupled bandpass filter with asymmetric-
short resonators with open stubs is proposed to offer
lower insertion loss, harmonic suppression in the stop-
band, and compact size.

II1. BASIC DESIGN: END-COUPLED

UNIFORM IMPEDANCE RESONATOR

Generally, uniform impedance resonators (UIR) are
folded to get compactness in the filter. Two folded res-
onators are connected electrically with end coupling, as
shown in Fig. 1 (a). The relation between feed lines and
transmission zeros, both symmetric and asymmetric feed
line positions, is analyzed in [4] using an ABCD matrix.
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Fig. 1. (a) Layout of UIR BPF with end coupling.
Dimensions are Lj=13.2 mm, L,=19.4 mm, W;=1.2
mm, S=0.3 mm and (b) Layout of SIR BPF with end

coupling. Dimensions are L;=4.2 mm, L,=12.0 mm,
L.=4.8 mm, W;=1.2 mm, W>=3.7 mm, S=0.3 mm.
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IV. ANALYSIS OF END-COUPLED STEPPED
IMPEDANCE RESONATOR

The design consists of two half-wavelength stepped
impedance resonators (SIR). One resonator is coupled to
another resonator through a gap, forming an end-coupled
structure. The gap between the resonators is modelled
as a capacitor. Figure 1 (b) shows the stepped impedance
resonator BPF with end coupling. Thus, the coupling at
the ends of these two resonators evolves into a bandpass
filter to achieve basic performance metrics. Adjustable
feed line tapping is utilized to shape the passband of the
filter.

A. Location of transmission zeros

From the position of the feed line, the frequencies
of the transmission zeros are expressed mathematically.
As described in [4], the connected shunt circuit is seg-
mented into upper and lower sections. Each section of
SIR is expressed in ABCD matrices, where 0 is the elec-
trical length of high impedance line in the upper part, 6,
the length of the high impedance line in the lower part,
6. the length of low impedance line, and C is the end
coupling modelled as capacitor.

The upper part of coupled structure is expressed as:

M1 XM2 XM3

- lcos@l Jjz18in0) 1 [1 jw#C—jZQCOIQC }

% cos0; 0 1

cos6 jzisin6,
jsinBy

L Zl
The lower part of coupled structure is expressed as:
M3 X M2 X M1

ey

cos6;

B _cqsez Jjz18in6; 1 MLC — j2z0c01 0,
- % cos6, 0 1
cosO;  jz15in0;
l jsin0 COSO] ] . (2)
21

The upper and lower sections of the ABCD parame-
ters are converted to admittance parameters and added to
get the total admittance parameters. From the total admit-
tance parameters, Sp; can be calculated as:
tan®,

Z; (tanB) +tanb,)tan6, = 27, + o 3)
As C is very small, the equation is reduced to:
Z (tan, +tan6,)tanb, = 27, . 4)
The equation is further simplified as:
Z
tanOtanb, = 2 , 5)
Zy
and: P
tanBrtanb, = 2 (6)
Zy

Therefore, the frequency of transmission zeros cor-
responding to feed positions is expressed in terms of
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electrical length and impedance. By solving equations
(1-6), the transmission zeros for the end coupling BPF
are expressed. From the equation, the relation between
transmission zeros and feed positions is calculated for
the filter. The calculated transmission zeros are 1.94 GHz
and 3.23 GHz, and the equations closely match the simu-
lation results. As the half-wavelength resonator is folded,
the position of the feed line determines the frequency
of transmission zeros. Further, the analysis focused on
the fact that the frequency of transmission zeros not
only depends on the electrical length but also on the
impedance ratio of the stepped impedance resonator.

B. Resonance conditions

The resonant frequency of a stepped impedance res-
onator is described using electrical length and impedance
ratio, which act as deciding factors. Various combina-
tions of impedance ratios are used in the design of the
resonator to observe that it exerts control over shift-
ing the odd and even modes to higher and lower fre-
quencies, respectively. Also, a noticeable change in the
impedance ratio makes the electrical length change in
order to achieve compactness in the structure. The circuit
is decomposed into odd and even mode circuits, which
are shown in Figs. 2 (a) and (b).

The input admittance of the circuit is:
(YL+jYOtan60/e )
(Yo+ jYtan6,;,)

The coupling between the SIRs is assumed to be
infinite or large. The resonant frequencies of two modes

are derived as follows.
The admittance at the short circuit is:

2]
Y1 = —jY, c0t§. ®)

(N

Y=Y

By substituting equation (8) into equation (7), the
odd mode input admittance is derived as:
) chotg —Y>tanB

Yino = —J §) ( . ) 2 ) .

(Y2 +Y; tanjtaneo)
By substituting Y;,,=0, the equation for the odd
mode resonance becomes:
0 Y
tani.taneo — ?2 =0. (10)
The odd mode resonance frequency is obtained from

equation (10) for the total electrical length of 6 = 0] +
0, as pointed out in Fig. 2. Similarly, the admittance at

©))
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Fig. 2. (a) Odd mode and (b) Even mode conditions.
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the open circuit is:
0
By substituting equation (11) into (7), the odd mode
input admittance is:
. (Yltang + Y>tan0, )
Yine = jY2 ) .
(Y2 — Yltanjtanee)

By substituting Y;,.=0, the equation for the even
mode resonance becomes:

12)

0 14
cotz.tanee + 72 =0. (13)
The even-mode resonance frequency is obtained

from equation (13) with K =Y, /Y».

The fundamental mode and lowest spurious mode
of the end-coupled stepped impedance resonator are
observed using odd mode and even mode, respectively.
Both transmission zeros and resonance equations depend
directly on parameters related to impedance ratios and
electrical length ratios. The fundamental mode frequency
is 2.45 GHz, calculated from equation (10). The lowest
spurious mode frequency is 5.13 GHz from equation (13)
for K=0.55 and 6,/6, = 0.280. From the equations, the
odd and even mode resonances are plotted between the
normalized frequency and the electrical length ratio with
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Fig. 3. (a) Calculated odd mode resonance with various
K values and (b) Even mode resonance with various K
values.



various values of K, as shown in Figs. 3 (a) and (b).

The fundamental and first spurious signals are
shifted to lower frequencies, and the second and third
spurious signals are shifted to higher frequencies, as
shown in Fig. 4 (a), with K varying from 1 to 0.2.
The fundamental and first spurious signals are shifted
to higher frequencies, and the second and third spuri-
ous signals are shifted to lower frequencies, as shown
in Fig. 4 (b), with K varying from 1 to 4. Both odd and
even mode resonances are shifted and controlled by vari-
ous K values. The resonance calculated by the theoretical
equations matches well with the simulated odd and even
mode resonances and their response to various K values.
K =1 is treated as a reference and hence highlighted in
Figs. 4 (a) and (b).

Even Mode Resonance

Magnitude S(2,1) indB

Frequency in GHz
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Fig. 4. (a) Simulated response of SIR for various K val-
ues from 1 to 0.2 and (b) various K values from 1 to 4.

The coupling coefficient (k) and external quality fac-
tor (Q,) are calculated from equations (14) and (15):

FBW
kijy) =———="fori=1ton—1, (14)
V8i8i+1
8081
= . 15
0¥ FBW 5)
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The calculated coupling coefficient k between the
resonators is 0.23, and the external quality factor Q,
of the filter is 5.06, as identified in the plots shown in
Figs. 5 (a) and (b).

Coupling Coefficient (K)
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Fig. 5. (a) Coupling coefficient k versus gap between the
resonators g and (b) External quality factor Q, versus
tapping position t.

V. PROPOSED DESIGN
A. Middle-short-stepped impedance resonator
(MSSIR) bandpass filter

The performance of a stepped impedance bandpass
filter with end coupling, such as in-band insertion loss
and harmonic suppression, is improved by introducing a
middle-short into the resonators.

In the end-coupled stepped impedance bandpass fil-
ter, the characteristics are redefined by introducing a
middle-short, as shown in Fig. 6.

A middle-short half-wavelength resonator behaves
like a quarter-wavelength resonator, which naturally
rejects even harmonics. Therefore, a middle-short along
with end coupling improves bandwidth with selectivity,
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Fig. 6. Layout of end-coupled MSSIR BPF. Dimensions
are Ly =4 mm, L,=12.4 mm, L.=4.2 mm, Lg=2.1 mm,
W =Ws=1.2 mm, W>=3.7 mm, S=0.3 mm.

reduces in-band insertion loss at the center frequency,
and extends harmonic suppression with better attenua-
tion in the stopband. The circuit is decomposed to odd
and even mode circuits are shown in Figs. 7 (a) and (b).

Y2, 05

(a) b)

Fig. 7. (a) Odd mode and (b) Even mode conditions.

The resonant frequencies of two modes are derived
as follows. After introducing a middle-short, no change
in the odd mode resonance; then the equation is:

0 Y
tani.taneo — 72 =0. (16)

For even mode resonance, the following conditions

are used. The admittance at the short circuit is:

Ys 6
YesszS cot 5. (17)

The intermediate input admittance between Y; and
Ys/2is:
Y=Y, M. (18)
(Y1 +testang)
The intermediate input admittance between Y, and
Y] is:
(Yei + jYytan6, )
(Yo + jYeitanB,) -
Solving equations (17-19), and substituting Y;,,=0,
the equation for the even mode resonance becomes:

Yie =12 (19)

2]
2Y12tan§ .tanBs + 2Y YrtanBs.tanb,

6
+Y2Y5tan§ .tanB, =Y Ys. (20)

The even-mode resonance frequency is obtained
from equation (20).

The calculated odd-mode resonance from equation
(16) is 2.45 GHz, the same as the SIR BPF with end
coupling. The calculated even mode resonance from
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equation (20) is 7.57 GHz, which justifies the quarter-
wavelength resonator behavior due to the extended stub
with a short at the middle of the resonators. The addition
of middle-short resonators improves the filter’s selectiv-
ity. This minimizes interference from neighboring trans-
missions and enables the exact filtering of specific fre-
quencies. The design reduces undesired frequencies and
provides an extended stopband, which helps to improve
signal isolation. This increases the applicability of the
filter and makes it more flexible in a variety of com-
munication applications. The exceptional feature of the
filter topology is that it produces strong out-of-band
rejection without the need for extra components, which
is one of its main advantages. This helps to make the
overall design simpler, easier to implement, and more
affordable.

B. Asymmetric-short-stepped impedance resonator
bandpass filter

The characteristics of a stepped-impedance res-
onator are further improved by incorporating an
asymmetric-short. A middle-short to the resonator
improves the out-of-band rejection but fails to preserve
the insertion loss at the center frequency and also band-
width. Good passband bandwidth along with low inser-
tion loss can be preserved by shifting the short stub
slightly from the center of the resonator, creating an
asymmetric-short to the resonator as shown in Fig. 8. By
adjusting the position of the short stub from the center of
the resonator, an unintentional slight shift in harmonics
to higher frequencies is obtained.

Two stubs are introduced at the feed lines to improve
stopband rejection in combination with an asymmetric-
short resonator. The equations for the length of the stubs
are given in [4], determined from equations (15) and
(16). The selected lengths are used to obtain transmis-
sion zeros at 7.52 GHz and 9.41 GHz:

c
Sstup1 iy (15)
c
= — . ] 6
f Stub2 4 L4 geff ( )

The fabricated design of an asymmetric-short to the
stepped impedance resonator (ASSIR) BPF is shown in
Fig. 9 with stubs, L3 = 5.1 mm and L4 =4 mm.

Fig. 8. Layout of end-coupled ASSIR BPF. Same as
dimensions used in MSSIR BPF.
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Fig. 9. Fabricated design of ASSIR BPF.

VI. RESULTS AND DISCUSSION

The simulated results are obtained using the
Advanced Design System Momentum and measured
using ES062A network analyzer. The substrate used was
FR4 with & = 4.4 and h = 1.6 mm. The response of the
uniform impedance BPF with end coupling is shown in
Fig. 10. The filter attains Sy of 0.56 dB, S;; of 46 dB,
and a physical size of 0.431gx0.19Ag. The center fre-
quency is fixed at 2.45 GHz, thereby achieving a frac-
tional bandwidth of 8.3%, a roll-off rate of 29%, and
transmission zeros at 2.06 GHz and 2.78 GHz.

Magnitude in dB

— s(2.1)
--- s(1,1)

I I I T T T | T T T
00 05 10 15 20 25 30 35 40 45 50 55

-70-

Freguency in GHz

Fig. 10. Response of end-coupled UIR BPF.

The calculated and measured response of the
stepped impedance resonators with an end-coupled BPF
is shown in Fig. 11. From the simulation, the transmis-
sion zeros of 2.0 GHz and 3.2 GHz match well with
the calculated transmission zeros of 1.94 GHz and 3.23
GHz. Also, both odd and even mode resonances of 2.47
GHz and 5.08 GHz from the simulation are very close
to the mathematical results of 2.45 GHz and 5.13 GHz.
The physical size of the end-coupling bandpass filter is
0.3214x0.224 ¢ and a roll-off rate of 41% is noted. First,
second, third and fourth spurious signal appear at 5.13
GHz, 7.62 GHz, 9.69 GHz and 12.06 GHz, respectively.

Analysis of the stepped impedance resonator BPF
with end coupling is as follows. For fixed length L; of
3 mm, the lengths L. and L, are 4.2 mm and 11 mm,
respectively, producing a bandwidth of 0.5 GHz and two
transmission zeros at 2.2 GHz and 3.67 GHz. The change

Magnitude(ds)

3
Frequency(GHz)

Fig. 11. Calculated and simulated response of end-
coupled SIR BPF.

in lengths of L and L, with a fixed L, causes a shift in
the transmission zeros to 2.0 GHz and 3.17 GHz. The
simulated Sy; is 0.71 dB, as observed in Fig. 12. When
the feed line is placed at the center of the half-wavelength
line with 180° tapping, no band is found at fj.

Magnitude S(2,1) in dB

e ——

Fig. 12. Comparison of end-coupled SIR BPF with vari-
ous lengths L.

When the coupling width W, decreases from 3.7
mm to 2.7 mm, a slight shift in center frequency to
higher frequencies and a corresponding shift in the trans-
mission zeros are shown in Fig. 13. The change in odd
mode (center frequency) and even mode frequencies to
higher frequency are also observed. As the coupling gap
increases from 0.3 mm to 0.8 mm, the lower and upper
transmission zeros move very close to each other. Thus,
the bandwidth becomes sharper, focusing the center fre-
quency within the required passband, as noted in Fig. 14.

The response of middle-short BPF with end cou-
pling is shown in Fig. 15. The redefined structure
improves characteristics such as Sp; of 0.36 dB, a size
of 0.3167Lg><0.1867Lg, and a reasonable roll-off rate of
45 dB/GHz.

As the middle-short resonator behaves like a
quarter-wavelength resonator, the first- and second-order
spurious signals are shifted to 7.62 GHz and 12.06
GHz, respectively, and therefore the stopband rejection
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Fig. 13. Comparison of end-coupled SIR BPF with vari-
ous coupling widths W2.
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Fig. 14. Comparison of end-coupled SIR BPF with vari-
ous coupling gaps S.
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Fig. 15. Response of end-coupled MSSIR BPF.

is improved. By adjusting the structure, the required har-
monic suppression up to 6 GHz with 20 dB of attenuation
and a fractional bandwidth of 29% is achieved.
However, the introduction of open stubs at the
feedlines couples with the folded half-wavelength
middle-short-stepped impedance resonator, disrupting
the passband bandwidth and reducing insertion loss
at the center frequency. Shifting the short stub away
from the resonator’s center reduces coupling and there-
fore effectively preserves the passband bandwidth and
enhances insertion loss at the center frequency. Addition-
ally, a very slight unintentional shift in harmonics toward
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higher frequency is obtained. Thus, various positions (P)
of the short stub of the stepped impedance resonator are
analyzed without open stubs at the feedlines to under-
stand the behavior of the asymmetric-short resonator-
based filter. Improvements in passband bandwidth, inser-
tion loss and unintentional shifts in harmonics are shown
in Figs. 16 and 17. As the optimal positioning of the short
stub to the resonator is fixed (as shown in Fig. 8), the
introduction of open stubs at the feedlines delivers wide
stopband attenuation as expected.

The simulated and measured responses of the pro-
posed ASSIR filter with open stubs at the feedlines
are shown in Fig. 18. The signal strength in the oper-
ating bandwidth and the rejection level in the stop-
band are essential features in the evaluation of the fil-
ter. In the design, asymmetric-short to the resonator
with open stubs changes the coupling, which in turn
impacts both the resonance condition and the impedance
matching at one of the pole frequencies. Therefore, the
asymmetric-short resonator-based bandpass filter offers
a single reflection pole at the operating frequency of 2.45
GHz. The measured stopband rejection up to 12.8 GHz
with 20 dB of attenuation matches the simulated stop-
band rejection up to 12.8 GHz with 20 dB of attenua-
tion. The S| of 22.15 dB and the fractional bandwidth
of 20.4% also match the simulated S;; of 38.15 dB and

$(2,1)in dB

Freauency in GHz

Fig. 16. Sy; response of MSSIR BPF with short stub
position shifted from the center.

S(1,1)indB

Frequency in GHz

Fig. 17. Sy; response of MSSIR BPF with short stub
position shifted from the center.
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Fig. 18. Simulated and measured response of the pro-
posed ASSIR bandpass filter.

Table 1: Comparison of simulated response of
resonators-based filter
Filter \FBW(%)S>; (dB)| HS* |Size (A,x1,)
Design
UIR 8.3 0.56 [3.5GHz| 0.43x0.19
SIR 20.8 0.71 |3.7GHz| 0.32x0.22
MSSIR 29 0.36 6 GHz 0.3x0.18
ASSIR | 219 0.35 12.8 0.3x0.18
GHz

*HS Harmonic suppression with 20 dB attenuation up to
the mentioned frequency

the fractional bandwidth of 21.9%. The response shows
that both the simulated and measured results satisfy these
features and also match closely.
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Comparison of simulated design parameters, such
as the uniform impedance resonator, stepped impedance
resonator, middle-short-stepped impedance resonator
and asymmetric-short-stepped impedance resonator with
open stubs are recorded in Table 1.

Key parameters such as fractional bandwidth (in
percentage), S;; (in dB), harmonic suppression with
its attenuation level and size in guided wavelength are
listed. A fractional bandwidth improvement of more than
63.45% and a miniaturization improvement of 34% are
achieved compared to a UIR BPFE. The insertion loss
(simulated response) shows an improvement of 41% and
the harmonic suppression improves by 72.7% when com-
pared with the UIR BPF.

Table 2 compares the parameters of the proposed
filter with those of existing filters from various stud-
ies. The comparison highlights the efficiency of the
proposed filter by considering fractional bandwidth (%),
S21 (dB), S11 (dB), upper stopband rejection, and circuit
size in guided wavelength. The insertion loss (S21) is
reduced to as low as 1.4 dB, and harmonic suppression
with an attenuation of 20 dB is extended from 2.8
GHz to 12.8 GHz, achieving a stopband rejection of
4.85 fo. S1; reaches as high as 22.15 dB, and a bet-
ter fractional bandwidth of 20.4% is achieved. The
center frequency is fixed at 2.45 GHz, and the cir-
cuit area is reduced to 0.34,x0.184,. Therefore, the
complete design of ASSIR bandpass filter with stubs
offers low insertion loss, compact size, and good har-
monic suppression with better attenuation. The sim-
ple architecture makes the design attractive and afford-
able. Performance can be further enhanced by mini-
mizing insertion loss by employing superior substrate
materials.

Table 2: Comparison of measured responses with other proposed filters

Ref. fo (GHz) | FBW (%) | S»; (dB) | Si; (dB) | Upper Stopband Rejection (dB) | Size (1,xA,)
[9] 2.4 12.1 1.2 15 - 0.0371 >
[10] 2.9 24 0.7 12 15 (1.89f) 0.2x0.2
[11] 2.45 10 >0.79 22.7 - 0.92x0.345
[12] 21 19 <18 12 18 (3fo) 0.39x0.28
[13] 1.72 16.3 0.7 - - 0.05x0.07
[14] 2.1 39 0.8 20.6 29.5 (2.3fp) 0.39x0.36
[15] 2.5 36 0.6 15 42 (2.441f)) 0.21x0.18
[16] 3.24 58.3 0.6 14.2 - 0.34x0.34
[17] 3 60 0.8 13 40 (2.36f)) 0.67x0.17
[18] 12.5 47 1.1 10 34 1.96x1.12
[19] 5.4 114 1.2 20 30 (3fp) 0.5x0.35
[20] 34 4.06 1.2 - 30 (3fp) 0.42x0.157
[21] 5 6.6 0.9 - 30 (4.2f) -
[23] 2.1 17.1 0.93 15 20 (3.191y) O.OS)Lg2
This Work 2.45 20.4 1.4 22.15 20 (4.56f() 0.3x0.18
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VII. CONCLUSION

A bandpass filter is presented using a novel
asymmetric-short applied to the stepped impedance res-
onator. Transmission zeros and resonance frequency
of the bandpass filter with end coupling are analyzed
mathematically and verified by simulation as an initial
step. Further, bandpass filters with symmetric-short and
asymmetric-short configurations applied to the stepped
impedance resonator are developed and validated. The
added open stubs at the feedlines of the filter extend
the stopband to a greater extent. Thus, the filter has the
potential to be used in a number of applications where
out-of-band rejection in the stopband, excellent signal
strength in the passband, compact size, and affordabil-
ity are essential requirements.
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