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Quasi-Elliptic Bandpass Filter With Controllable
Multiple Transmission Zeros Using Coupled Lines
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Abstract—This paper presents RF design methodology for
quasi-elliptic bandpass filter (BPF) with multiple transmission
zeros (TZs). The proposed filter consists of a coupled line BPF
section and TZ sections. Both sections comprised of coupled
lines with short-circuit stubs. By generating multiple TZs at
lower and upper sides of the passband, a quasi-elliptic BPF
response can be achieved without affecting the passband
response. For experimental proof of concept, a prototype of
microstrip line quasi-elliptic BPF was designed and
manufactured at center frequency of 3.5 GHz. The measured
results demonstrate good agreement with EM simulations and
theoretically predicted outcomes.

Keywords—Bandpass filter (BPF), coupled lines, group delay,
multiple transmission zeros, quasi-elliptic response.

I. INTRODUCTION

Planar bandpass filters (BPFs) with high performance
characteristics, including low insertion loss, sharp skirt, and
high frequency selectivity, are essential for effectively
utilizing the limited and precious electromagnetic spectrum in
wireless applications. One way to enhance the filtering
selectivity in BPFs is by an increasing filter order. However,
this approach results in higher insertion loss and a larger
circuit size. As a result, an effective alternative approach for
achieving high selectivity is the use of quasi-elliptic BPF with
a finite number of transmission zeros (TZs). Previous research
has explored various approaches for designing quasi-elliptic
BPF. These approaches include cross-coupling between
nonadjacent resonators [1], mixed electric and magnetic
coupling [2], and extracted pole synthesis [3]. Coupled lines
have been found wide application in the design of various
types of BPFs. In [4], a high selectivity BPF with multiple TZs
is described, utilizing three pairs of quarter-wavelength
coupled lines and two pairs of half-wavelength series
transmission lines. Similarly, work [5] presents a quasi-elliptic
BPF with two TZs using open circuited and short-circuited
coupled lines. However, this particular structure is limited to
generating two symmetrical TZs.

In this work, we present a simple design method for a
quasi-elliptic BPF with multiple TZs. The proposed approach
utilizes a pair of coupled lines with short-circuited stubs to
achieve desired passband characteristics. The multiple
number of symmetrical TZs are generated near to passband,
thereby enhancing the selectivity characteristics of the quasi-
elliptic BPF. For experimental validation, quasi-elliptic BPF
with two TZs is designed, fabricated, and measured.

II. DESIGN THEORY

Fig. 1 illustrates the circuit schematic of the proposed
quasi-elliptic BPF with multiple TZs. The filter structure
consists of BPF section and two TZ sections (TZ section A
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Fig. 2. (a) Proposed structure of 3-pole coupled line BPF and (b) TZ sections.

and B). The BPF section is a designed as 3-pole BPF,
consisting of two coupled lines and short-circuited stubs.
Similarly, each TZ section comprises a set of coupled lines
with a short-circuited TL. For simplicity, all characteristic
impedances of coupled lines (zoei, zoor) and TLs (zy, z1, z2) are
normalized to Zo = 50 Q. The electrical length of coupled lines
and TLs are equal to & = 1/4 at center frequency (/).

A. BPF section design using group delay analysis approach

Fig. 2(a) illustrates the 3-pole BPF section utilizing a
coupled line and short-circuited stubs. Conventionally, a
parallel coupled line BPF needs N+1 number of coupled lines
(N: number of filter order), resulting in a large physical size.
However, in this work, we propose a 3-pole BPF section that
employs only two coupled lines and short-circuited stubs
instead of four coupled lines. Assuming coupling coefficient
ki is a free design variable, normalized even-mode impedance
zoe 18 expressed in terms of k£ and odd-mode addmitance zo, as
(1).

ZOe = %ZOO (1)

The group delay analysis approach has been employed to
determine circuit parameters of the proposed 3-pole BPF
section [6]. By equating the group delay of the proposed BPF
section with that of a conventional 3-pole BPF, the solution



of z, can be found as (2).
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and g is low-pass prototype element values and A is a
fractional bandwidth of 3-pole BPF. From (2) and (3), it is
worth noting that zg, can be obtained by providing the values
of k, z;, and A. Once zo, is determined, the value of zo. can be
obtained using (1).

Fig. 3 illustrates the simulated frequency response of BPF
section. In this design example, the low pass filter (LPF)
prototypes are chosen for Chebyshev response with passband
ripple of 0.1 dB. As shown in Fig. 3, the proposed BPF
section provides 3-pole BPF response by utilizing only two
coupled lines and short-circuited shunt stubs. The bandwidth
of BPF can be controlled by appropriately selecting values of
z; and k of coupled lines. Increasing the coefficient results in
the wider bandwidth for BPF section.

B. Transmission zeros section

Fig. 2(b) shows the TZ section which consists of a coupled
line (zoei, zooi) and a short-circuited TL with characteristic
impedance of z; and electrical length 8. The TZ section does
not affect the passband of BPF since the input admittance Y;
at point A or B will be equal to zero at fo. However, at certain
frequencies other than f, input admittance becomes infinite
(Zim = 1/Yim = 0). As a result, the TZs are generated at lower
and upper sides of passband. The frequency of TZs can be
specified using equation (4).

2 2
Z; (Zoa =220, 20, F Zoo; )
(ZOei + 2z, ) {ZZOeiZOoi +z (ZOei + 2z, )}

“)

As observed from (4), each TZ section generates two
symmetrical TZs. It should be noted that if the circuit
parameters of both TZ section (TZ section A and B) are
different, four TZs can be generated near to passband. These
TZs contribute to the enhancement of the selectivity of BPF
without affecting the passband response.

Fig. 4 shows the simulated transmission magnitude (|S21])
of TZ section. From the results, it is evident that TZs
frequencies at lower and upper stopbands can be adjusted by
selecting the appropriate values of zoei, zosi, and zi, without
affecting the passband response. When even- and odd-mode
impedances of coupled lines are fixed value, changing value
of z; from 0.6 Q to 2.4 Q causes the TZs to shift away from
passband. Similarly, if z; is fixed, TZs location can be
controlled by adjusting values of zo.; and zgo;.

C. Design Examples of Quasi-elliptic BPF

Fig. 5 shows the simulated frequency response of the
overall circuit of the proposed quasi-elliptic BPF. The circuit
parameters of the quasi-elliptic BPF are shown in Table I.
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Fig. 3. S-parameters results of BPF section with different coupling
coefficient (k) of coupled lines.
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Table 1. Circuit parameters of quasi-elliptic BPF

Example 20¢/200/2t (2) 20¢e1/2001/21 (€2) |ZOe2/2002/ZZ Q)
1 2.60/1.22/0.68 2.6/0.8/2.40
2 2.62/1.24/0.68 2.9/0.92/0.7
3 2.60/1.22/0.68 2.60/0.846/0.6 | 2.60/0.8/2.4

From simulation results, it is evident that multiple TZs can
be generated in close to the passband. In design examples 1
and 2, TZ sections have same parameter values, resulting
only two symmetrical pair of TZs as depicted in Fig. 5(a) and
5(b). Location of these symmetrical TZs can be moved closer
to passband by selecting low characteristics impedance (z; =
7;) of short-circuited stub. On the other hand, in design
example 3, the circuit parameters of TZ section A and B are
different. As result, four TZs are generated, as shown in Fig.
5(c). The presence of multiple TZs contributes to the
improvement of the frequency selectivity of the proposed
BPF.

III. EXPERIMENTAL RESULTS

To validate the proposed design, a prototype of the quasi-
elliptic BPF with two TZs is designed and fabricated at fo =
3.5 GHz. The prototype was implemented using a Taconic
substrate with dielectric constant of 2.20 and thickness of
0.787 mm. The design goal was to achieve quasi-elliptic BPF
response with TZs located at 2.90 GHz and 4.10 GHz. The
circuit parameters of the designed quasi-elliptic BPF are given
as follows: Z0e — 2.52 Q, Z0o — 1.35 Q, Zr = 0.7 Q, Z0el = Z0el™
3.12 Q, Z0ol = Z0o2 =1.40 Q, 2y = I = 1.68 Q. The circuit
parameters are normalized to 50 Q.
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(b

Fig. 6. (a) Physical layout of fabricated quasi-elliptic BPF with physical
dimensions and (b) photograph of fabricated filter. Physical dimensions: Wy
=240, W, =W, =W3=W;=Ws=04, W;=2.6,2 =042, g, =g;=0.2,
Li=16,L,=Ls=158,Ls=Ls=6,L4 =L; =59, Ly =4, and L, = 13.92.
Dimensions unit: millimeter (mm).
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Fig. 7. Simulated and measured results of fabricated quasi-elliptic BPF.

Fig. 6(a) shows the physical layout of the fabricated quasi-
elliptic BPF, including dimensions, which were optimized
using ANSYS HFSS 2023. Fig. 6(b) shows the photograph of
fabricated quasi-elliptic BPF.

Fig. 7 shows the comparison between the simulated and
measured results of the fabricated quasi-elliptic BPF. The
measured results are well agreed with EM simulation results.
From the measured results, it can be observed that the
proposed quasi-elliptic BPF exhibits three reflection poles in
passband. The 3-dB bandwidth of filter is measured to be 820
MHz (23.42%) extending from 3.080 to 3.962 GHz. The
measured insertion loss is 1.02 dB at fo = 3.50 GHz, while

input and output return losses are higher than 16.78 dB within
passband. The TZs are located at a lower stopband frequency
of 2.90 GHz and higher stopband frequency of 4.46 GHz.
Notably, the stopband attenuation exceeds 26.5 dB within in
frequency range from DC to 2.96 GHz and from 4.25 GHz to
5 GHz.

IV. CONCLUSION

This paper presents a simple design approach for a quasi-
elliptic BPF with multiple transmission zeros using coupled
lines. By utilizing the proposed approach, it becomes possible
to generate multiple transmission zeros at lower and higher
stopband frequencies, thereby achieving high frequency
selective characteristics. The locations of transmission zeros
are controlled by adjusting circuit parameters of transmission
zero section while ensuring the desired passband response is
maintained. To validate the proposed design concept, a quasi-
elliptic BPF with two transmission zeros is designed and
fabricated at center frequency of 3.50 GHz. The measured
results of fabricated prototype demonstrate good with
simulations results.
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