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Abstract- This paper presents a novel microstrip bandpass filter (BPF),
whose one of the most important feature of the filter is that the bandwidth
remains fix as the center frequency changes. Therefore, the structure is
suitable for reconfigurable communication systems. The BPF is consist of
coupled-lines and a modify three section stepped impedance resonator
(SIR) and a LPF that consists of one open-ended stub to suppress spurious
harmonics at high frequencies. Even and odd mode analysis has been used
for designing process of the BPF. Finally, the proposed filter has a
fractional bandwidth of 25% at 3.095 GHz with the insertion loss less than
0.1 dB/ 3.715 dB in the pass-band (simulation/measurement), compact
size, low insertion loss, right out of band rejection, high-frequency
selectivity. The BPF is fabricated and measured. The excellent agreement
between the measured and simulated results demonstrates the validity of
the proposed filter and method.

Index Terms- Index Terms- Even and odd mode, adjustable center frequency, fixed
bandwidth, modified 3-section stepped impedance resonator (SIR).

I. INTRODUCTION

As known, one of the most important element a microwave and millimeter-wave transceiver systems
are filters. In the RF filter design, low insertion loss, high selectivity, wide stop-band and compact
size are in high demand [1]. In the implementation microwave and millimeter-wave filters, planar
technology such as microstrip, coplanar waveguide and, etc. are good candidates in the low-power
systems. Various microstrip structures and resonators such as defected ground structures (DGS),
stepped impedance resonator (SIR), electromagnetic coupling, etc. have been used to achieve the

features as mentioned above [2]-[13]. In [2], a low-pass and band-pass triplexer have been designed
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by using one low-pass and two band-pass filters. For improvement of the performance of the
introduced structure, a slot was etched in ground plane (DGS) that leads to reasonable isolations
among the three bands (better than 40 dB). In [3], using symmetrical and asymmetrical compact
microstrip resonant cell (CMRC) as the resonator, narrow-band microstrip BPFs with low insertion
loss and high harmonic rejection were designed. Another structure using both half and quarter
wavelength resonators was proposed in [4]. By adjustment of transmission zeroes, the frequency
selectivity and out of band rejection of the BPF have been improved. A hybrid tri-band band-pass
filter with controllable transmission zeroes is proposed in [5]. Adjustable the central frequency and
bandwidth have been the special features of this article. In [6], a dual-mode dual-band microstrip BPF
was designed for independently tuned dual- pass-bands. The dual-mode resonator and varactor diodes
were proposed to determine the odd and even mode resonant frequencies independently. In [7], a fully
tunable multi-band BPF with transmission zeroes at both sides of pass-bands was proposed. It is based
on a quasi-bandpass scheme and has a quasi-elliptic response with controllable center frequency and
bandwidth. In [8], a dual-mode balun BPF was designed by using the hybrid microstrip/slotline
transmission lines and has high selectivity. In this letter, a microstrip BPF was designed with
remarkable specifications such as low insertion loss, ultra-wide stop-band, and high selectivity by use
of a novel resonator with a parallel-coupled line was presented. In [19], an approach with a new
configuration was proposed for designing an ultra-wideband band-pass filter that demonstrates
double/single notch-bands using microstrip transmission lines without using any via-hole. The
proposed scheme using two parallel stepped-impedance resonators (SIR) provides two paths with
different electrical lengths. The wave’s cancellation theory was used for realizing notch bands to
develop the pass-band of the UWB BPF. Also, in [20], another scheme has been proposed to design
dual notch band BPF based on the left/right-handed method by using via holes. A tunable dual-band
band-pass microstrip filter were proposed in [20]. In [21], two pairs of quarter wavelength
transmission line resonators and two band-stop structures was used to compose the open stubs. The
operation band-pass frequencies are generated by a pair of coupled resonators. The first coupled
resonator was fed via a tap coupled and the second was fed by using a coupling structure. The
configurability of the band-pass and the attenuation of the harmonics were achieved by adjusting the
electrical length of the resonators and open stubs. This work is done by using a varactor diode
capacitors. In [21], multilayer liquid crystal polymer (LCP) technology is used to design of the
another UWB BPF scheme based on broadside coupled stepped impedance resonators. Also,
embedding an open circuit stubs into broadside coupled stepped impedance resonators has created
notch bands. The stepped impedance resonators are shown the behavior of harmonic suppression and,
s0, the proposed schemes have a high attenuation level and wide stop-band. In [17], a symmetric LPF
was designed and analyzed by using of even and odd mode procedure. This method can be used to

design the symmetric BPF.
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Parameters’ value of the
designed filter is:
L1=0.3, L2=0.8,
L3=0.2, L4=10.3,
L5=0.2, L6=1.8,
L7=0.55,18=1.5,
1.9=0.55,L10=11.2,
L11=0.1, WI=5.8,
W2=7, W3=1,
Wi4=3.2, W5=2.1,
W6=0.65, W7=0.3,
W8=3 (All dimensions
are in millimeter (mm)).

Fig. 1. The layout of the proposed BPF.

In this paper, a modify three section SIR for implementation of the BPF is presented. The initial
value of the BPF dimensions are calculated by using of the even and odd mode analysis. One of the
prominent features of the proposed filter is that the bandwidth remains fixed despite the change of the
central frequency. Therefore, it would be a good option for designing a tunable filter. This paper is
organized in four sections. Design procedure and analysis is given in section Il. Section Il is given
fabrication and results. Finally, conclusion is presented in section IV.

Il. DESIGN PROCEDURE AND ANALYSIS

The layout and dimensions of the proposed BPF are depicted in Fig. 1. A modified 3-section SIR
based on the coupling theory has been selected as primary resonator. Since the structure of the
primary resonator, as seen in Fig. 2, is symmetric, even and odd mode analysis is used to synthesize
filter and optimize its performance. At odd mode (even mode) excitation, the voltage (current) is null
along the T-T’ line, which obtains the equivalent circuits are shown in Fig. 2. The microstrip line
characteristic admittances and the electrical length have been symbolized by Yi (i=1-4) and 6i (i=1-
10), respectively. Also, Yi and 0i are corresponded to the width and length of the microstrip line,
respectively. Concerning the equivalent circuit of the even and odd mode, which is given in Fig. 2, the
input admittance of the proposed filter at the odd and even mode is computed as follows:

Odd/even mode:

Y'® + jY, tan 6,

Yin odd/even — "1, . v olesm n (1)
oud! Y+ jY ¢ tan 6,
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Fig. 2. Equivalent circuit of the main resonator. (a) Odd mode. (b) Even mode.
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The resonance condition is equal to:

Yinoaa and Yi, epen = 0 01 o

@)

®)

(®)

(6)

®)

Where, the impedances of Y_1"(o/e) were calculated with the transmission line and open and short

stubs relationships, step by step. The resonance condition is equal to Y_(in.odd) and Y_(in.even)=0

OI'OO nn

To extract the resonance frequencies of the odd and even mode, resonance condition is used. By

changing the dimensions of the primary resonator, the odd and even mode resonance frequencies are

adjustable. The effect of the physical length W1 in Fig. 1 that corresponds to 81, on the odd and even

mode resonances for three values of 2, 6 and 10 mm versus frequency is shown in Figs. 3(a) and 3(b).

As seen in Figs. 3(a) and 3(b), for larger values of W1, the odd and even mode resonance

frequencies are moved to lower frequencies. Figs. 3(c) and 3(d) show the effect of physical length

L10 in Fig.1 corresponds to 62 on the odd and even mode resonance frequencies for three values of 7,

10 and, 13 mm.
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Fig. 3. The odd and even modes analysis. (a) The resonance frequencies for even mode according to physical length of
Wi:. (b) The resonance frequencies for odd mode according to physical length W1. (c) The resonance frequencies for even
mode according to Lio parameter. (d) The resonance frequencies for odd mode according to Lio parameter

By increasing L10, the even and odd mode resonance frequencies are moved towards lower
frequencies. As observed in Figs. 4(a) and 4(b), the values of even and odd resonance frequencies in
the pass-band are independent of W3 and for high frequency, for the physical length of W3 (W3=0.8,
1, and 1.2mm), the resonance frequencies can shift towards upper frequency. Similarly, as is shown in
Figs. 4(c) and 4(d), L4 can be used to adjust pass-band and the center frequency the values of the even
mode and odd resonance frequencies in pass-band are independent of L4 and the resonance
frequencies in stop-band for larger values of L4 (L4=1.7, 2.9 and 4.1mm) can also move towards
upper frequency.

As is shown in Fig. 5, W1 is used to adjust pass-band and the center frequency. Similarly, as is
shown in Fig. 6, L10 can be used to adjust pass-band and the center frequency. W3 and other
interdigital line are used to move spurious resonance frequencies to high frequency and finally
suppressed with the proper design and use of cell attenuator (the open-ended stub in Fig. 1). The
simulated S-parameters of the BPF before employing cell attenuator is shown in Fig. 7. As can be
seen, unwanted harmonics are observed in the stop-band, and the cell attenuator can be used to
develop stop-band. It is necessary to know the accuracy of the level in stop-band. In order to reduce
the signal level, attenuators dissipate the unwanted signal. For many applications where signal levels
are high, it is necessary to ensure that the cell attenuator will be able to remove unwanted signal.
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Fig. 4. The odd and even modes analysis. (a) The resonance frequencies for even mode according to W3 parameter
(correspond to the electrical length 83). (b) The resonance frequencies odd mode resonance frequencies according to W3
parameter. (c) The resonance frequencies for even mode according to L4 parameter (correspond to the width of microstrip
line). (d) The resonance frequencies for odd mode according to L4 parameter.
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Fig. 5. Simulated Sz: (transmission parameter) Fig. 6. Simulated Sz1 (transmission parameter)
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I1l. FABRICATION AND RESULTS

Fig. 8 shows that the fabricated filter exhibits a flat group delay (less than 1ns in pass-band). Fig. 9
shows the photograph of the proposed BPF. The substrate used here has a relative dielectric constant
of 2.2 and a thickness of 0.508 mm, and a loss tangent of 0.0009. Fig. 9 also illustrates the simulated
and measured results of the designed BPF. The simulations are carried out using ADS Momentum and

HFSS software. An N5230A network analyzer is used to measure the S-parameter of the filter. As is
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shown in Fig. 9, the simulation results and the measured values are in relative good agreement.
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Fig. 7. The simulated S-parameters of the BPF Fig. 8. The Measured group delays.
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Fig. 9. Simulated, measured S-parameters and the photograph of the BPF.

The insertion loss has a minimum of 0.1 dB and 3.715 dB in the pass-band (at simulation and
measurement, respectively), 3dB fractional bandwidth of 25%, the center frequency of 3.095 GHz that
can change from 2.4 to 4GHz, wide stop-band from 3.7 GHz to 17 GHz, sharp transition band and the
size of 21x 22 mm2. The difference between simulation and measurement results is inevitable due to
the process of fabrication and test conditions.

Table 2 summarizes the performance comparison between the related work in the literature and the
proposed BPF. From this table, it can be concluded that the proposed bandpass filter has improved in-

band and out of band performances.
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Table I1. Performance comparison

Ref. fo(GH2) IL (dB) 3dBFBW  Sharp roll off

[11] 2.45 0.6 22% Yes

[18] 2.45 55 1.6% No

[19] 55 4.76 14.8% No

[20] 2 3.9 11% No

[21] 2.78 4.2 23.4% Yes
This work 3.095 3.715 25% Yes

CONCLUSION

A new microstrip BPF consists of parallel coupled lines, the modified 3-section SIR and, a LPF is

designed, analyzed, and tested. The fabricated filter has the merits of compact size, low insertion loss

and, wide stop-band. The center frequency can change from 2.4 to 4GHz, while the bandwidth

remains fix. Overall, this Filter has excellent performance compared to the previous works, so, it is

suitable for wireless communications and radar applications.
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