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ABSTRACT: In this letter, a miniaturized U-shaped microstrip filter based on a load-coupled open line is proposed. It is composed of a step
impedance resonator and parallel coupled open stub line. Interfinger feed is used to enhance coupling. This configuration and coupled
open stub lines form four transmission zeros between two passbands as part of open coupled stub lines to increased out-of-band rejection.
The analysis of formation reason of transmission zero is conducted using lossless transmission line theory and even-odd mode analysis
techniques. A filter operating at 2.53 GHz and 5.53 GHz is simulated and fabricated. The insertion loss of first passband is 1.30 dB, and
return loss is —18.60 dB. The insertion loss of the second passband is 0.70 dB, and return loss is 22.89 dB. The out-of-band rejection
is maintained below —20.00 dB. The final model size is 0.20\y x 0.23\4. The final physical measurement results confirm theoretical

results.

1. INTRODUCTION

ith the rapid development of wireless communication

technology, high-performance, miniaturized dual-
passband filters play an increasingly important role as key
components of RF front-ends. With the continuous evolu-
tion of broadband wireless access (WiMAX), wireless local
area networks (WLAN, such as IEEE 802.11a/b/g/n/ac/ax
standards), and 6G technologies, demanding for filter per-
formance has become increasingly stringent. These systems
not only require filters to provide efficient and stable signal
transmission across multiple passbands [1, 2], but also need to
be miniaturized, in low power, and highly integrated to meet
increasingly compact design requirements of communication
devices.

Traditional dual-passband filter designs [3] often face chal-
lenges such as large size, difficulty in optimizing performance,
and mutual interference between passbands. Although conven-
tional step impedance resonator (SIR) [4—6] filters can generate
a second passband through higher-order harmonics, correlation
between the first and second passbands is high. Adjusting one
band often causes changes in the other, making design process
complex and difficult to achieve ideal performance. Addition-
ally, with continuous expansion of communication passbands,
there are higher demands for filter stopband rejection to ensure
that the system is free from external interference signals. Re-
cently, researchers have made significant progress in the de-
sign of dual-passband filters [7-9]. On one hand, by improving
traditional dual-passband coupling schemes [10], various new
structures [11, 12] have been proposed. Dual-passband filters
with wide stopbands [13] based on hybrid microstrip/defected
ground structures not only provide high-selectivity filtering ef-
fects in two bands but also feature ultra-wide stopbands [14]
and low in-band insertion loss [15], effectively enhancing over-
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all system performance. On the other hand, advanced design
concepts using dual-mode resonators [16, 17] have enabled in-
dependent tuning capabilities for dual-passband filters, mak-
ing design more flexible and better suited to meet complex and
changing communication requirements [18, 19].

In this paper, a single SIR resonator load-coupled line is used
for design [20,21]. By bending SIR resonator to reduce over-
all size, this filter has two passbands located at 2.5 GHz and
5.5 GHz. Additionally, this filter forms four transmission zeros
by loading coupled open stub lines, achieving good isolation
between the two passbands.

2. THEORETICAL ANALYSIS

The lossless transmission line model of filter is shown in Fig-
ure 1. It uses a transmission line with characteristic impedances
Z.. and Z., in series with a SIR stub line with characteristic
impedance Z, for signal transmission. To enhance coupling,
interdigital coupling is used for feeding, which also serves as
part of coupled open stub lines. Inside resonator, a pair of open
stub lines with characteristic impedance Z3 is added to form
coupling. The electrical lengths of all transmission lines are
considered to be § = 7/2.
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FIGURE 1. Lossless transmission line model.
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FIGURE 2. (a) Even-mode transmission line. (b) Odd-mode transmis-
sion line.

Due to the symmetry of circuit, even-odd mode analysis
method is used. The equivalent circuits for odd mode and even
mode are shown in Figures 2(a) and (b), respectively. The odd-
mode impedance and even-mode impedance are derived as fol-
lows [22]:
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From Equations (1) and (2), even-mode admittance and odd-
mode admittance can be obtained. The S-parameters of filter
can be expressed as:
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By substituting Equations (1) and (2) into Equation (8), trans-
mission zero of filter can be obtained by |S>;| = 0, that is:

Zc2 (Zce - Zco - O) (10)
When Z, = 0, following can be obtained:
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When (Z.. — Z., = 0), following can be obtained:
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According to the relationship between electrical length and
design frequency, transmission zero (TZ) frequency can be de-
termined using formula (11):

From = "2 fy (n = 3,4) (13)
0

From Equations (10) to (12), frz and frz; can be calcu-
lated. Since the response is symmetric, frz3 and frz4 can
be obtained from 2fy — frz; and 2fy — frzo, respectively.
Considering that Z.; = 65.41), Z,; = 38.38Q2, Z; = 50,
Zg = T74.0 Q, Z3 = Z5 = 1169, Z4 = 7429, and 0 = 900,
fo = 5.5 GHz, the transmission zeros can be calculated to be
3.5GHz, 5.0 GHz, 6 GHz, 7 GHz, and all zeros are symmetric
about 5.5 GHz.

3. DESIGN AND SIMULATION

Based on the generalized Chebyshev theory, a dual-passband
filter operating at 2.5 GHz and 5.5 GHz is designed. The struc-
ture of the designed dual-passband filter is shown in Figure 3(a),
and simulation results of the filter are shown in Figure 3(b).
Based on theory mentioned above, considering the impact of
the sizes of Z3, Z4, and Zs on coupled open stubs, simulation
software is used to simulate and obtain the optimal values. The
simulation results are shown in the Figures 4(a), (b), and (c).
As shown in Figure 4, variations in Z3 and Zs significantly
impact the bandwidth and insertion loss of the second passband.
With an increase in Z3, the center frequency of the second pass-
band shifts toward lower frequencies, accompanied by the re-
location of transmission zeros frzs and frzs4. Similarly, as
Zs increases, the bandwidth of the second passband decreases,
while transmission zeros frz; and frz, are shifted. In con-
trast, Z4 primarily affects the return loss of both passbands.
The values are determined based on different response situa-
tions. Finally, overall EM simulation of this filter using HFSS
and the dimensions of parameters are optimized and determined
through simulation. The specific dimensions are as follows:
W, = 1.56 mm, W, = 0.80mm, W53 = 0.30mm, W; =
0.30mm, W5 = 1.56 mm, L; = 11.00mm, L, = 15.21 mm,
Ly = 4.00mm, Ly = 5.00mm, Ls = 5.00mm, Lg =
5.00mm, L; = 6.00mm, Lg = 3.44 mm, L¢ = 3.00 mm.

4. FABRICATION AND MEASUREMENTS

The dual-passband filter was measured using a vector network
analyzer, Agilent E5222A. Figure 5 shows the comparison be-
tween simulated and measured results of filter.

From Figure 5, it can be seen that center frequency of
low passband is 2.53 GHz, with a 3.0 dB bandwidth range of
2.48 ~ 2.57GHz. The group delay within the first passband
ranges from 0.63 ns to 4.35 ns, with a minimum insertion loss
of 1.13 dB and a return loss of 18.60 dB. The center frequency
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FIGURE 3. (a) Electromagnetic simulation model of filter. (b) Simulation S-parameters of filter.
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FIGURE 4. (a) Simulation results of different Z3. (b) Simulation results of different Z4. (c) Simulation results of Zs.

of high passband is 5.53 GHz, with a 3.0 dB bandwidth range of
5.23 ~ 5.75 GHz. The group delay within the second passband
ranges from 1.32 ns to 2.00 ns, with a minimum insertion loss of
0.70 dB and a return loss of 22.89 dB. Using coupled open stub

lines, four transmission zeros are introduced outside passbands
at 3.29 GHz, 4.94 GHz, 5.96 GHz, and 7.10 GHz with all four
zeros symmetrically distributed around 5.5 GHz. The main rea-
son for inconsistency between measured results and simulated

19
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FIGURE 5. (a) Comparison of simulated and measured group delays of filter. (b) Comparison of simulated and measured S-parameters of filter.

TABLE 1. Comparison with published filters.

Ref. fo (GHz) | Size (\2) | FBW (%) | IL' (dB) | RL?(dB) | No. of TZs’
[6] 2.45/5.60 | 0.057 none 2.8/29 | 17.0/21.0 none
[18] 2.60/5.80 | 0.0884 | 14.3/10.7 | 1.3/2.8 | 20.0/21.0 3
[20] 2.40/5.20 | 0.056 51.9/22.3 | 03/0.7 | 22.1/20.8 3
[23] 2.40/5.20 | 0.060 28.0/15.0 | 0.1/0.9 | 18.2/16.7 1
[24] 0.35/0.95 0.011 11.2/9.5 1.4/1.1 | 20.0/18.0 3

This work | 2.5/5.53 0.046 3.019.5 1.1/0.7 | 18.6/22.9 4

! Insertion Loss 2 Return Loss > Number of Transmission Zeros

FIGURE 6. Photograph of fabricated filter.

results is that nonuniform solder affects the passband perfor-
mance at high frequency during SMA joint welding.

The optimized parameter dimensions are used to manu-
facture filter. The substrate used for processing is Rogers
RT/Duroid5880. The dielectric constant is 2.20. The loss tan-
gent angle § is 0.0009, and the thickness is 0.508 mm. The
resulting filter dimensions are 207\, x 0.23),, where A, cor-

20

responds to wavelength at the center frequency (2.50 GHz) of
the first passband. The physical diagram of filter is shown in
Figure 6. Table 1 compares the performance of this filter with
other filters in published papers.

5. CONCLUSION

This paper proposes a U-shaped resonator structure loaded with
coupled open stub lines. The loaded-coupled open stub lines
create four transmission zeros outside passband, with four zeros
symmetrically distributed around 5.5 GHz. Based on the theory
of lossless transmission lines and even-odd mode analysis, the
reasons for the formation of transmission zeros in filters are
analyzed. The proposed filter has a compact size, high isolation
between the passbands, and good selectivity.
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