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ABSTRACT: The performance requirements for filters in the microwave frequency band are particularly stringent, particularly in terms
of high bandwidth and out-of-band rejection. However, meeting these requirements within the constraints of a compact size presents a
significant challenge. A coupled step-impedance resonator bandpass filter is proposed. The filter combines U-shaped branches and L-
shaped branches to create multiple resonance points while expanding the bandwidth, and the in-band ripple is also improved by this folded
structure that greatly reduces the filter size. The microstrip filter measures only 9.6 mm x 8.8 mm x 1.1 mm, has a center frequency of
4.65 GHz, and achieves a relative bandwidth of 60.2%. The filter can be used in 5G n77 (3300 ~ 4200 MHz), n78 (3300 ~ 3800 MHz),
n79 (4800 ~ 4960 MHz), and WLAN (5150 ~ 5850 MHz) bands. In addition, the filter has a left-side rectangular coefficient of 1.12,

insertion loss < 0.4 dB, and return loss better than 17 dB.

1. INTRODUCTION

The 5G communication technology has rapidly evolved in
recent years. The 5G spectrum is divided into two re-
gions. The first region is located in the range of 450 MHz—
6 GHz, this band is referred to as FR1 (Frequency Range 1),
also known as Sub-6 GHz. The second region is located in the
range of 24.25 GHz-52.6 GHz and is called FR2 (Frequency
Range 2) [1].

With the booming development of the information industry
and wireless communication, devices with filtering function are
more and more applied to mobile communication technology.
5G communication technology places more stringent require-
ments on filter performance, such as bandwidth, edge roll off,
insertion loss and compactness [2]. In order to increase com-
munication capacity and avoid interference between adjacent
channels, filters are required to have steep out-of-band rejec-
tion. To improve the signal-to-noise ratio, a low insertion loss
in the filter passband is preferred. In order to meet the trend of
miniaturization of modern communication terminals, filters are
required to have a smaller size.

To meet these requirements, many methods and struc-
tures have been proposed, such as step impedance resonator
(SIR) [3-5], combined resonator [6—11], ring resonator [12—
14], and parallel coupled line reference [15,16]. The main
transmission line structures used in conventional microwave
filters are: microstrip lines [17, 18], waveguides [19-21], and
coaxial lines [22-24]. A bandpass filter with two pairs of
anti-parallel hybrid coupled step impedance resonators was
proposed in [7]. Although the filter is compact, its bandwidth
is not sufficiently wide. A method for designing bandpass
filters using resonators was proposed in [9]. However, the
3 dB bandwidth is only 12.9%, making its practical application
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less preferred. A novel dual-mode dielectric waveguide (DW)
filter with controlled transmission zeros was proposed in [20].
In [23], a novel folded bandpass filter in an empty substrate
integrated coaxial line (ESICL) technique is described. How-
ever, these two filters are large in size, complex, and not
conducive to process. Waveguide filters and coaxial filters are
significantly larger, more expensive to process and less easy
to integrate with other planar devices. Therefore, microstrip
filters bear advantages of low cost and ease of integration in
comparison with other methods.

In this paper, a bandpass filter based on a step impedance
resonator is proposed. The filter is structurally simple and
compact, with a main structure of two U-shaped branches
and two L-shaped branches, which expands the bandwidth
and improves the stability of the filter by creating multiple
resonance points. The microstrip filter can cover 5G n77
(3300 ~ 4200 MHz), n78 (3300 ~ 3800 MHz), n79 (4800 ~
4960 MHz) and WLAN (5150 ~ 5850 MHz) bands simulta-
neously. In addition, the filter has good steep roll off on the
left single side, insertion loss < 0.4 dB, return loss better than
17 dB, good in-band rejection and flat in-band ripple, and can
be widely used in wireless communication systems.

The rest of the paper is structured as follows: Section 2 de-
scribes the design of the filter; Section 3 describes the current
distribution of the filter; Section 4 belongs to the parametric
analysis of the filter; Section 5 belongs to the measurements
and discussion; and Section 6 concludes this work.

2. FILTER DESIGN

The geometry of this bandpass filter is shown in Fig. 1. The
dielectric substrate is copper-clad TP-2 (¢, = 10.2 and tan § <
1x1073), domestically produced microwave laminated dielec-
tric copper-clad substrates in China with a thickness of 1.1 mm.
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The dimensions of this bandpass filter are only 8.8 mm X
9.6 mm. To evaluate the performance of this filter, simulations
were performed using ANSYS HFSS. Table 1 lists the values
of parameters for the final design.

FIGURE 1. Diagram structure of the filter.

TABLE 1. Dimensions of the proposed filter (unit: mm).

Parameter | Value | Parameter | Value
L1 7 w1 0.1
L2 4.7 W2 1
L3 1.5 W3 0.2
L4 4.8 w4 0.3
L5 1.8 W5 0.3
S1 0.1 S2 0.2

The evolution of the filter is shown in Fig. 2. The filter
uses multiple branches to create resonance and thus generate
the operating band, shown as Filter.1 in Fig. 2. Then, L2 is
extended to form a U-shaped branch, labeled Filter.2. The U-
shaped branches are marked in dashed rectangular area. Next,
a rectangular branch is added to make an L-shaped branch as
indicated with rectangular lines, labeled Filter.3. Lastly, exten-
sion of L1 forms the final structure, which is labeled as Filter.4.
To demonstrate the filter evolution process, the simulation re-
sults are plotted in Fig. 3.

The initial structure of the filter is Filter.1, which has an open
rectangular frame and two rectangular branches. As can be seen
from the simulation results in Fig. 3, Filter.1 produces transmis-
sion poles at 3.74 GHz and 6.63 GHz, and transmission zeros at
6.1 GHz, and steep-edge steepening on the high-frequency side.
However, its insertion loss and return loss are not sufficiently
good. And even worse, the bandwidth is not wide enough. In
order to improve the resonance effect and improve the qual-
ity of the passband, Filter.2 is designed. Although one more
resonance point is added, only the higher frequency part is im-
proved.

Further improvement is made as Filter.3. Obviously, it can
be seen from Filter.3 in Fig. 3 that the addition of the L6 branch
will generate another resonance point and thus significantly im-
prove the resonance effect of the entire operating band, ulti-
mately improving the passband performance and producing an
operating band of 3.35 to 6.26 GHz. Since the passband range
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does not completely cover the n78 band, Filter.3 needs to be
further improved. By extending L1, the bandwidth is enlarged
to cover the 5G n77, n78, n79 and WLAN bands.

3. CURRENTS DISTRIBUTION

To more clearly illustrate the process of resonance generation,
the surface current distribution is plotted as shown in Fig. 4.
The current distributions at frequencies of 3.47 GHz, 4.52 GHz,
and 5.79 GHz are shown in Figs. 4(a), (b), (¢), respectively.

In Fig. 4(a), the open rectangular frame is colored in dark red
and brings together the main current distribution, indicating that
the open rectangular frame produces the first resonance point
at 3.47 GHz. The resonant frequency of the filter is determined
by the length of the resonant element, which can be calculated
according to the following equation.

fo=c/ (A\gveer) )

where c represents the speed of light; e, represents the effec-
tive dielectric constant; and the wavelength )\, can be calcu-
lated using Eq. (2):

Ay = (L4 — W3+ L2) @)

Substituting each parameter into Eq. (1), the resonant fre-
quency reads as 3.41 GHz, which is very close to the simulation
value. Repeating the analysis for 4.52 GHz, )\, can be calcu-
lated by Eq. (3):

Ay =4(L5+ L2+ W4+ W5) 3)

Substituting Eq. (3) into Eq. (1), the calculated resonant fre-
quency is 4.53 GHz, which is almost the same as the simulated
one. Similar analysis is conducted for 5.79 GHz, as shown
in Fig. 4(c), and the main currents are distributed at the L-
shaped U-shaped branches, which indicates that the combina-
tion of these structures can generate a third resonance. Calcu-
lated by Eq. (4) and substituted into Eq. (1), the corresponding
frequency is found to be 5.76 GHz.

Ag =4 (L34 L5+ L5) )

The calculation results of the three resonance points are com-
pared with the final simulation results. Only the calculation re-
sults of the first resonance point have a relatively large error
with the simulation results, but the calculation and simulation
results of the other two resonance points are in good agreement.
Current distribution is an efficient way assisting the filter de-
sign.

4. PARAMETRIC STUDY

In order to further obtain the optimal performance, the main
parameters L1, L2, L3, L4, and L5 were parametrically ana-
lyzed.

Due to the coupling between the U-shaped and L-shaped
structures, parameters L1, L2, L3, L4, and L5 have a sig-
nificant impact on the overall performance of the filter. From
Fig. 5, it can be seen that the bandwidth of the filter becomes
wider when the values of L1, L2, L3, and L4 are increased;
the bandwidth of the filter becomes narrower when the values of
L1, L2, L3, and L4 are decreased; and the opposite is true for
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FIGURE 2. Evolution of the proposed filter.
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FIGURE4. Current distribution of the filter. (a) 3.47 GHz; (b) 4.52 GHz; (c) 5.79 GHz.

the value of L5. As the values of these parameters decrease, the
operating band of the filter is shifted to high frequencies, mak-
ing the passband range not fully cover the 5G n78 band, while
as the values of these parameters increase, the operating band
of'the filter is shifted to low frequencies. In addition, increasing
the values of L1, L2, and L5 will make the resonance of the
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filter worse, and increasing the values L3 and L4 will reduce
the return loss of the filter.

From the parameter study, it is clear that these parameters
have an effect on the operating band of the filter as well as the
resonance effect. The change of parameters all lead to the fre-
quency deviation. In comparison, 4 has the greatest effect on
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the passband frequency deviation, and L2 has the greatest effect
on the resonance effect.

5. MEASUREMENT AND DISCUSSION

It is demonstrated that the performance of the designed filter is
satisfactorily good in simulation. The fabricated filter is shown
in Fig. 6.

The S-parameters of the filter were measured using a vector
network analyzer, as shown in Fig. 7. The measurements were
performed on an AV3672D VNA in the frequency range of 2—
7GHz. Two cables are connected to the VNA and then cal-
ibrated using a conventional Short-Load-Open-Thru (SLOT)
method. After calibration, the filter is fixed to the sub-miniature
version A (SMA) connector. Then, S1; and So; of the filter are
measured.

From Fig. 8, it can be seen that the simulated results of
So1 are in good agreement with the measured ones, and al-
though the simulated results of Si; have a slight deviation
from the measured results, it is not the essential parameter of
the filter in the paper. These frequency bands, such as n77
(3300 ~ 4200 MHz), n78 (3300 ~ 3800 MHz), n79 (4800 ~
4960 MHz) and WLAN (5150 ~ 5850 MHz), are still the op-
erating frequency bands for the filter.

In process, the accuracy of PCB manufacture is an important
cause of errors. On the other hand, the dielectric parameters
of the substrate are affected by environment. It could also be a
possible reason for the discrepancy between experimental and
simulated results.
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A comparison of the single-band filters is shown in
Table 2. As can be seen, the filter size is compact, and
there is a significant increase in filter bandwidth compared
to [5,7,9,23,26,28,29]. In addition, the insertion loss
is lower than [9,25,27,29], and the return loss is better
than [7,9,25,28]. In short, the filter has several advantages.
First, the filter has a wide bandwidth to be used in the 5G Sub
6G and WLAN bands, and can be widely used in wireless
communication system. Second, the filter has a compact
structure, small size, low insertion loss, good in-band rejection,
and flat in-band ripple. Third, the filter has several advantages
of microstrip filter, easy processing, easy integration, low cost,
and can be widely used in wireless communication system. In

TABLE 2. Comparison of the single-band filter to the designs in the
literature.

Filter Filter size (mm?) FBW IL(dB) RL (dB)
[5] 40 x 20.4 45% <15 > 16
[7] 9% 6 49% <22 > 12
[9] 14 x 17 47% <06 > 12
[23] 52.3 % 53.9 2% <314  >15
[25] 46.6 x 30.7 53.1% < 0.9 > 12
[26] 32.4 x 28.8 2% <12 > 13
[27] 30.3 x 17.1 624% <09 >145
[28] 22.7 x 22.7 82% < 2.7 > 11
[29] 11.7 % 9.5 258% < 1.02 >25

This work 9.6 x 8.8 60.2% <1.1 > 13
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addition, the filter rectangular coefficient is 1.12, and the filter
has a good attenuation steepness [4, 8,9, 24,30]. In summary,
this bandpass filter is overall a satisfactory design suitable for
wireless communication.

6. CONCLUSION

The microstrip filter proposed in this paper has a simple and
compact structure, and the coupled step-impedance resonator
bandpass filter is realized by using U-shaped branches and L-
shaped branches structures, which makes the filter performance
more stable, and the size is greatly reduced. The bandpass
filter was tested for the 5G Sub-6 GHz band. The test re-
sults show that the insertion loss is < 1.1dB, and the return
loss is better than 13 dB, which can meet the applications in
5G n77 (3300 ~ 4200 MHz), n78 (3300 ~ 3800 MHz), n79
(4800 ~ 4960 MHz) and WLAN (5150 ~ 5850 MHz) bands.
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