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Novel Dual-Band Bandpass Filter Based on Shorted
Rectangular Patch Resonator
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Abstract—A novel dual-band bandpass filter based on shorted rectangular patch resonator is proposed
and experimentally studied. The resonant modes and frequencies of the shorted rectangular patch
resonator are analyzed. Based on miniature structure of the new resonator, a novel dual-band bandpass
filter with good out-of-band performance is designed for demonstration. The experimental results agree
well with numerical simulations.

1. INTRODUCTION

Due to the rapid development of wireless technology over past few years, microwave circuits that can
handle signals at multiple frequency bands have become an attractive feature for the reduction of system
size and cost. In the past, the dual-band bandpass filters were realized with two circuits for respective
frequency bands. However, this kind design requires large circuit size and extra impedance-matching
network for each module. To lower the cost and reduce the circuit area, a single circuit capable of
operating in two bands is more popular. Among the popular multiple frequency resonators, stepped
impedance resonators (SIR) [1, 2] and T-shaped resonators [3, 4] are usually used to design these filters.
However, extremely high impedance ratio are sometimes needed to meet the required frequencies, which
make it difficult to manufacture.

In general, rectangular patch structures have been widely used in microwave antennas and filters [5—
8]. In those applications, half-wavelength rectangular patch usually operates at the fundamental
resonant modes TMjy and TMy; [6] and quarter-wavelength rectangular patch usually operates at
the fundamental resonant mode TM;jy and the harmonic resonant mode TMs [6]. Etching slots on the
patch could extend the current distribution of resonant mode and can reduce the patch size [7, 8].

In this letter, we propose a novel dual-band bandpass filter based on shorted rectangular patch
resonator (quarter-wavelength rectangular patch) and its resonant modes and frequencies are also
analyzed. The fabrication of the dual-band bandpass filter based on the shorted rectangular patch
is very simple, for it does not require narrow lines to realize high characteristic impedance. To reduce
the size of filter, two slots are etched in the shorted rectangular patch resonator, and nearly achieve size
reduction of 40%. Finally, a sample of filter based on miniaturized shorted rectangular patch resonators
is fabricated and measured to validate the predicted design.

2. FILTER DESIGN

2.1. Resonator Analysis

Figures 1(a)-(b) show the structures of the traditional and proposed shorted rectangular patch
resonators. By adding shorted wall at middle symmetry plane of traditional rectangular patch resonator
and it can be split in half, then the shorted rectangular patch resonator can be realized.
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Figure 1. Structures of resonators, (a) traditional rectangular patch resonators, (b) shorted rectangular

patch resonators.
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Figure 2. Electric-field distributions, (a) resonant modes 1 of traditional rectangular patch, (b)
resonant modes 2 of traditional rectangular patch, (c) resonant modes 1 of shorted rectangular patch,
(d) resonant modes 2 of shorted rectangular patch.
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According to the theory of traditional rectangular patches [5], traditional rectangular patch
resonators exist two resonant modes. The two resonant modes are quasi-TEM half-wavelength resonator
along z-axis direction and y-axis direction. The electric-field distributions of the traditional rectangular
patch resonant are shown in Figs. 2(a)—(b). We name the resonant mode along z-axis direction as mode
1, and the resonant mode along y-axis direction as mode 2. When ignoring the fringing field [5], the
resonant frequencies of dominant mode of two modes can be expressed as:

Co o
Ja1 = e iy = TG (1)
where, cq is the velocity of light in free space and ¢, the relative dielectric coefficient of the substrate.

Next, we analyze shorted rectangular patch resonator along z-axis direction and y-axis direction,
which are orthogonal.

Along the z-axis direction, cross-section of shorted rectangular patch resonator is shown in Fig. 3(a).
The transmission line in Fig. 3(a) is two-conductor structure, similar to microstrip line. Based on the
microwave theory [9], the transmission mode of this structure is quasi-TEM mode, generally simplified
as TEM mode. Then, the resonator are shorted at one terminal and open at another terminal, which
constitute a quarter-wavelength resonator. We name the resonant frequencies of quasi-TEM modes as
fz- As the resonator in case of this mode is a quarter-wavelength resonator, when ignoring the fringing
field, f, can be expressed as:

(Qk — 1)00
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When k = 1, Equation (2) become:

(k=1,2,3,...) 2)

o
where f,1 is the resonant frequency of the dominant mode of quasi-TEM modes, which is equal to f;1
in Equation (1). As seen from field distributions shown in Figs. 2(a)—(c), the shorted wall do not change
the distributions of traditional rectangular patch, so the two resonant frequencies are nearly the same.
Along the y-axis direction, the cross-section of the shorted rectangular patch resonators is shown
in Fig. 3(b). The transmission line in Fig. 3(b) is single-conductor structure, similar to HMSIW
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Figure 3. Cross sections of shorted rectangular patch resonators, (a) along z-axis direction, (b) along
y-axis direction.

structure [10]. The transmission mode of this structure is TE-mode. Then, boundary conditions of
the resonator are open at two terminals, which constitute a half-wavelength resonator. According

to [10], we name the resonant frequencies of TE modes as frg,, , /200 88 Can be expressed as:

f _ Co 2m —1 2 + n ? (4)
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When k = 1, Equation (4) became to:
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where frg,;,, is the resonant frequency of the dominant mode of TE modes, which is not equal to f,1
in Equation (1). From the field distributions shown in Figs. 2(b) and (d), the shorted wall changes the
distributions of traditional rectangular patch, so the two resonant frequencies are not the same.

2.2. Miniaturization of the Resonator

As we know, the etched slot on patch will extend current path of the resonant modes, and thus can
decrease the resonant frequency [7,8]. To reduce the size of the shorted rectangular patch resonator,
the following two methods will been studied, which etching slot are near the shorted wall and opposite
to the shorted wall, as shown in Fig. 4.

Figure 4(a) shows the structure of shorted rectangular patch with etching slot near the shorted
wall. Figs. 5(a)—(b) show the simulated results of resonant frequency with one parameter are different
while another parameters fixed. As we can see, the resonant frequency 2 becomes low as slot1, increases,
while the resonant frequency 1 nearly becomes unchanged. Resonant frequency 1 becomes low as slot1y,
increases, while the resonant frequency 2 nearly becomes unchanged. When the first two resonant modes
of the rectangular patch with shorted wall are used to design dual-band filter, the resonant frequency
becomes lower as sloti, and sloti, increase. This etching method could achieve size reduction about
30%.
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Figure 4. The structure of etching slot on shorted rectangular patch resonator, (a) near the shorted
wall, (b) opposite to the shorted wall.
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Figure 5. Simulated resonant frequencies of the structure in Fig. 4(a), (a) slot;, = 5mm, (b)
slot1, = bmm.
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Figure 6. Simulated resonant frequencies of the structure in Fig. 4(b), (a) slotz, = 5mm, (b)

sloty, = Hmm.

Figure 4(b) shows the structure of shorted rectangular patch with etching slot opposite to the
shorted wall. Figs. 6(a) and (b) illustrate the simulated results of resonant frequency with one
parameters different while another parameter is fixed and Wy = 0.4mm. As we can see, the
resonant frequency 2 becomes lower as sloto, increases, while the resonant frequency 1 changes slightly.
Resonant frequency 1 increases as sloty, increases, while resonant frequency 2 changes slightly. Etching
slot opposite to the shorted wall can extend the current path of the resonant frequency 2, so to achieve
reducing the resonant frequency 2. This etching method cannot reduce the first two resonant frequencies
simultaneously, if decreasing the first resonant frequency, it is necessary to increase L., which increases
the overall area.

As we can see, the above two methods mentioned are difficult to decrease the first two resonant
frequency simultaneously. So, the combination of the two etching methods necessary. Two slots are
etched on the patch, then we get miniature shorted rectangular patch resonators, as shown in Fig. 10.

2.3. Filter Design

Based on shorted rectangular patch resonator, a 3-stage dual-band bandpass filter can be implemented
as shown in Fig. 7, operating at 2.45 GHz and 5.2 GHz. The substrate with relative dielectric constant
9.2 and thickness of 1.016 mm is used. According to Equations (3) and (5), we could get L, = 10.1 mm,
Ly, =10.7 mm.

The couplings between two adjacent resonators are edge-coupling, and adjust the distance go could
change coupling coefficient of bandpass filter. Input/output structures are edge-coupling using L-type
branch. The parameters relevant to input/output ports are L1, Lo, Wi, g1, which could be tuned by
simulation software. The parameters of the filter are: L, = 10mm, L, = 10.5mm, L; = 5.45mm,
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Figure 7. 3-stage dual-band bandpass filter Figure 8. Simulated results of dual-band
based on shorted rectangular patch resonators. bandpass filter in different Lo.
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Figure 9. Simulated frequency responses of dual- Figure 10. Proposed dual-band bandpass filter
band bandpass filter. based on miniature shorted rectangular patch
resonators.

g1 = 0.2mm, go = 0.9mm, Wy = 0.3 mm, W5y = 1.05mm (50 Q microstrip width). L; and Ly have a
great impact on the performance of the filter. Changing the length of Lo respectively equal to 5 mm,
9mm, 13mm while keep L1 = 5.45mm, the simulated frequency responses of the filter is shown in
Fig. 8. From the Fig. 8, we can see a transmission zero is obtained when the length of Li + Lo is half-
wavelength, this characters similar to DBR (dual-behavior resonators) [3,11]. So the L-type branch
coupling structure could increases the out-band rejection performance of the filter.

Tuning by the full wave electromagnetic (EM) simulator, we got the final values of all dimension
parameters: L, = 10mm, L, = 10.5mm, L; = 6mm, Ly = 12.8mm, g; = 0.2mm, go = 0.8 mm,
Wi = 0.3mm, Wy = 1.05mm and the simulated frequency responses are showed in Fig. 9. The
simulated fractional bandwidths are 124% at 2.46 GHz and 635% at 5.19 GHz, respectively. The
corresponding return losses are greater than 19dB and 19.5dB. The passband insertion losses are
0.22 dB for the first passband and 0.76 dB for the second passband.

To reduce the patch size, two slots are etched on the patch, and then we get miniature shorted
rectangular patch resonators, as shown in Fig. 10. Two slots extend current path of the two resonant
modes, which can reduce the resonant frequency. Tuning by the full wave electromagnetic (EM)
simulator, the final sizes are obtained as: L, = 9mm, L, = 7Tmm, L; = 5.8mm, Ly = 13mm,
g1 = 02mm, go = 0.8mm, Wi = 0.3mm, Wy = W3 = 0.4mm, slot;, = 2mm, slot;, = 5.4mm,
sloty, = 6.2mm, sloty, = 2mm, W5y = 1.05mm, the diameter of via hole is 0.4mm. The simulated
frequency responses of the filter are plotted by solid line as shown in Fig. 11(a). The simulated fractional
bandwidths are 15.3% at 2.48 GHz and 5.57% at 5.21 GHz. The corresponding return losses are greater
than 22.3dB and 24.1 dB. The passband insertion losses are 0.13 dB for the first passband and 0.68 dB
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Figure 11. (a) Simulated and measured frequency responses of the proposed dual-band bandpass filter.
(b) Photograph of the proposed filter.

for the second passband.

Compared to conventional shorted rectangular patch resonators, the size of miniature shorted
rectangular patch resonators reduced from the 10 mm x 10.5 mm to 9mm X 7mm, with size reduction
nearly 40%.

3. MEASURED RESULTS AND DISCUSSIONS

The measurement is carried out with Agilent-8722ES vector analyzer. The simulated and measured
frequency responses of this filter are shown in Fig. 11(a). As we can see, the measured and the simulated
performance agree well with each other. The measured fractional bandwidths are 15.4% at 2.47 GHz
and 5.58% at 5.195 GHz. The corresponding return losses are greater than 15.2dB and 14.9dB. Due
to the loss of the substrate, conductor, and two SMA connectors, the measured passband insertion
losses are approximately 1.29 dB for the first passband and 2.12 dB for the second passband. It may be
noted that, frequency shift of the transmission zeros can be observed, which may owe to the fabrication
inaccuracy.

4. CONCLUSION

In this paper, a novel shorted rectangular patch resonator is proposed. The resonant modes and
frequencies of this new resonator are analyzed. The fabrication of dual-band bandpass filter based
on the shorted rectangular patch is very simple, since it does not require narrow lines. To reduce the
size of filter, two slots are etched in the shorted rectangular patch resonator. Based on the miniaturized
shorted rectangular patch resonator, a novel dual-band bandpass filter with good out-of-band rejection
performance is studied. The experimental results show good agreement with numerical simulations.
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