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A DESIGN APPROACH FOR COMPACT ULTRA-WIDEBAND
BANDPASS FILTER BASED ON HYBRID MICROSTRIP
COPLANAR WAVEGUIDE RESONATORS
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Abstract: In this paper, we present a simple hybrid coplanar waveguide (CPW) and
microstrip ultra-wideband (UWB) bandpass filter using five quater-wavelength
resonators, three microstrip ones on the top and two CPW ones on the bottom side. The
proposed filter exhibits a quasi-elliptic function response, with one finite-frequency
transmission zero closer in the low side and two finite-frequency transmission zeros in the
high side of the passband. The experimental filter shows the measured 3-dB fractional
bandwidth of 80% at a center frequency of 6.02 GHz, with the mesured insertion loss is
0.6 dB. This design not only improves the harmonic-suppression characteristic in high-
frequency stop-band but also reduces the size of filter with 15 x 18 (mm). The filter will
have great potential applications in UWB microwave circuits and systems, especially, in
C-band radar systems.
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1. INTRODUCTION

The rapid development of 5G [1] and the Internet of Things (loT) [2] has an urgent demand
for high response speed and high positioning accuracy, and the ultra-wideband (UWB) can
perfectly meet this requirement. The emergence of key reports and research process, whether
from an academic or engineering perspective, has greatly advanced the development of UWB
over the past few decades. The UWB bandpass filters served as key building block in UWB
wireless communication systems have aroused much research interest in this century. And
various attempts to design UWB have been reported continuously. Various techniques have been
presented to develop the UWB bandpass filters. One of the straightforward methods is cascading
a low-pass filter and a high-pass filter to accomplish UWB bandpass filter [3-5]. In [6], a highly
selective UWB bandpass filter is achieved by short-circuit stub-loaded structure, which can
excite 11 resonant modes to fulfill the requirement of UWB with miniature circuit size. In [8], a
quintuple-mode UWB bandpass filter is designed by difficult and expensive high-temperature
superconducting technique.

In this paper, a simple microstrip UWB bandpass filter (BPF) using three symmetrical
multiple-mode resonators along with two quater-wavelength resonators is investigated. The basic
idea and the filter topology are introduced. This design not only improves the harmonic-
suppression characteristic in high-frequency stop-band but also reduces the size of filter
structure. The proposed UWB-BPF presents good performance in terms of insertion loss, return
loss, fractional bandwidth and compact size than those reported in the literature. The filter will
have great potential applications in UWB microwave circuits and systems.

2. FILTER DESIGN

Figure 1 shows an interdigital filter with open-circuited lines at the input and output [6-8]. It
differs from the other type interdigital filter in that the first and last lines, which connect directly
to the terminals (o) at one end, and are open-circuited instead of shorted-circuited at the other
end. These open-circuited lines at the input and output also count as resonators, so that there are
n line elements for an n-pole filter [7].

The filter configuration, as shown, consists of an array of n TEM-mode or quasi-TEM-mode
transmission-line resonators, each of which has an electrical length of 90- at the midband
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frequency and is short-circuited at one end and open-circuited at the other end with alternative
orientation. In general, the physical dimensions of the line elements or the resonators can be
different, as indicated by the lengths I, Iz, ..., In and the widths Wi, W5, ..., Wi Coupling is
achieved by the fields fringing between adjacent resonators separated by spacing Sii+1fors=1- - -
n — 1. The filter input and output use tapped lines with a characteristic admittance Y:, which may
be set to equal the source/load characteristic admittance Yo. An electrical length ;, measured away
from the short-circuited end of the input/output resonator, indicates the tapping position, where Y
=Y, denotes the single microstrip characteristic impedance of the input/output resonator.
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Figure 1. Interdigital filters with open-circuited lines at the input and output.

Although this type of filter is most practical for designs having moderate or wide bandwidths,
an implementation on microstrip with conventional parallel-coupled lines for an UWB filter can
be difficult since very tight coupling gaps are required. To overcome this difficulty, broadside
coupling structures can be used. Original theory and design procedure for interdigital bandpass
filters with coupledline input/output (I/O) can be found [6]. Explicit design equations based on
Caspi and Adelman [8] for the type of bandpass filter with tapped-line I/O are given by:
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Where FBW is the fractional bandwidth, h is a dimensionless admittance scale factor whose
value should be chosen to give a convenient admittance level in the filter, and g; is the element
value of a ladder-type lowpass prototype filter.

In order to support the C-band operation frequency, we wish to design a five-pole (n = 5)
generalized Chebyshev UWB filter, with a FBW of 80% at midband frequency fo = 6 GHz, a 0.1
dB passband ripple and the asymmetrical responses with the controllable TZs located at both side
of passband. The prototype parameters were go = gs= 1.0, g1 = g5 = 1.1468, g, = g4 = 1.3712, gz =
1.9750. A 50- Q terminal line impedance is chosen, which gives Yo = 1/50 (mhos). Using
equations (3)-(4), the computed design parameters are summarized in table 1.

fori=2ton—-2 (4)
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Table 1. Circuit design parameters of a five-pole UWB filter with A/4 short-circuited stub.

i Yo (mhos) Yii+1 (Mhos)
1 0.03525 0.02587
2 0.06937 0.02587
3 0.06824 0.02587
4 06937 0.02587
5 0.03525
gl w1 g3
f— . =l
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Figure 2. (a) Structure of UWB bandpass filter on HFSS simulation software. (b) Top view for
the microstrip resonators. (c) Bottom view for the CPW resonators.

According to the theory analyis method above, the schematic configuration of the proposed
UWB-BPF is shown in figure 2. The filter consists of five quater-wavelength resonators, three
microstrip ones on the top and two CPW ones on the bottom side. It can be seen as a five-pole
interdigital filter having a form of figure 1 It is designed on a substrate with a relative dielectric
constant of 3.0 and a thickness of 0.508 mm. A top view of the microstrip is shown in figure 2 (b).
On the top side of the substrate, two parallel microstrip open-circuited stub lines of W, wide and
L. long and a short-circuited stub of W, wide and L, long, in the center, are coupled to the two
CPW resonators through the dielectric substrate. The two open-circuited lines, separated by a gap
of g1, are connected to 50-Q input/output (I/O) feed lines. The use of parallel coupled feed lines is
able to enhance the coupling degree between the feed lines. Accordingly, the symmetrical parallel
coupled feed lines can work together to keep the UWB-BPF in the desired range. A bottom view
for the CPW is given in figure 2 (c). Two parallel quarterwavelength CPW resonators with a
width of W and a length of Ls which are separated by a gap of gs, are formed on the bottom side
of the substrate. The broadside-coupling and the existence of the dielectric substrate make the
coupling between the microstrip lines and the CPW very tight. Tight coupling therefor provides a
very wide bandpass operation. The input and output ports are designed to Zo of 50 Q. The gap 1
between the two parallel microstrip stub lines was allowed to vary in the simulations to optimize
the performance of the filter, since it was found to be a critical design parameter.

To clearly verify the independent tuning operation frequencies, using software package
simulations full wave EM given by Ansoft HFSS to prove and results illustrated as figure 3. As
can be seen from the transmission (S21) response in figure 3, the filter exhibits a quasi-elliptic
function filtering characteristic with three transmission zeros closer to the passband, which
enhance the selectivity effectively. This is because the connecting lines also contribute to the
selectivity of the filter and, hence, add additional four poles to the filter order. When the gap g1
between the two microstrip open-circuited stubs is varied between 4.2 to 5 mm, two effects can
be observed and the return loss (S11) of the filter is improved.
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Figure 3. Simulated results of bandpass characteristics with different gap g:
(a) Return loss (S11); (b) Insertion loss (Sz1).

The first effect is on the bandwidth of the filter. For a larger g:, smaller bandwidth is observed.
This is because the overlap between top microstrip stubs and the bottom CPW resonators is
reduced, hence reducing the resulting inter-stage coupling. The second effect of varying the gap g:
is able to shift the locations of transmission zeros (TZs). The smaller g; moves the transmission
zeros or attenuation poles towards the passband, resulting in a higher selectivity. Compared with
the conventional stub bandpass filter for achieving the same filtering characteristics, this type of
UWB bandpass filter not only uses less short-circuited stubs, but also has much more reasonable
impedance levels for all the short-circuited stubs. This makes the realization easy with a low-cost
fabrication technology and suppress the unwanted spurious response.

After carefully tuning, the performance of the proposed filter has been optimized to approach
the specifications. The final dimensions are listed in table 1 as following:

Table 2. Optimized physical dimension of the designed UWB BPF (in mm).

Symbols | Value | Symbols | Value
Ly 7.2 W, 14
L, 8.1 W3 0.3
Ls 9.8 01 4.2
Ls 25 02 1.2
Wi 0.5 [OK] 0.5
d 1.0

3. FABRICATION AND FILTER PERFORMANCE

The proposed hybrid microstrip/CPW UWB bandpass filter with Chebyshev frequency
response is built on single layer of Taconic RF-30 substrate with a thickness of 0.508 mm, a
thickness of copper cladding t of 0.035 mm, relative permittivity of 3.0 and loss tangent of
0.0014. Figure 4 shows the photograph of the fabricated layout with the top view and bottom
view. The whole size of the fabricated filter is only 15 x 18 (mm). Figure 5 indicates the S-
parameters measured result proposed filter. The measurement is accomplished with Agilent
E8363B PNA Series Network Analyzer.

The experimental filter shows the measured 3-dB fractional bandwidth of 80% at a center
frequency of 6.02 GHz, with three observable transmission zeros at 1.1, 9.8 and 13.0 GHz,
respectively. The midband insertion loss was measured to be 0.6 dB including the loss from two
SMA connectors. The measured return loss is better than 10 dB. The location of the TZs on both
side slopes of the bandpass with high attennuation level more than -60 dB which enhances filter
selectivity and improves the ability out-of-band rejection of the UWB BPF. Some slight
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differences between the simulated and measured results may be caused by unavoidable tolerance
in fabrication and measurement.

111111111“51!""*“‘

1111

(a) Top view (b) Bottom view
Figure 4. Photograph of the fabricated UWB filter.
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(a) Simulated result (b) Measured result
Figure 5. S-parameters results of the UWB filter.

4. CONCLUSIONS

In this study, a simple hybrid coplanar waveguide and microstrip UWB BPF using five
quater-wavelength resonators, three microstrip ones on the top and two CPW ones on the bottom
side is presented. The resonance mechanism and the frequency change of the resonator have been
analyzed in detail. The proposed filter exhibit good selectivity and cost-effective due to the use
of a single dieletric substrate. The proposed filter exhibits a quasi-elliptic function response, with
one finite-frequency transmission zero closer in the low side and two finite-frequency
transmission zeros in the high side of the passband. Thus, a high selectivity is achieved using a
small number of resonators, which leads to low insertion loss and group delay across the
passband. The development direction of the problem of filter design on the hybrid structure such
as controlling the center frequency, bandwidth, stop band, will be further studied in next
prototypes. This filter structure also will be attractive for UWB system applications such as
satellite communications, traffic radar and automotive radar systems.
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TOM TAT

GIAI PHAP THIET KE BO LOC THONG DAI BANG SIEU RONG, NHO GON SU DUNG

BO CONG HUONG VI DAI KET HOP ONG DAN SONG DONG PHANG
Bai bdo nay dé xudt gidi phdp thiét ke bé loc théng dai bang siéu réng ong dan song

dong phang (CPW) két hop dwong truyén vi dai sir dung nam bo cong huong mét phan tu
budc song. Trong do, co ba b cong hwong vi dai ¢ phia trén va hai bo cong hucng CPW
& phia dwdi ban mach in. Bé loc dwoc dé xudt c6 ham ddp iing tan s6 quasi-elip, véi 3
diém tmyén tan s6 hiru han 0 & hai phia cua dai thong. Két qua do dac cua bo loc duoc
ché tao thir nghiém cho thdy bang théng hiéu dung 3dB la 80% 6 tan sé trung tim 6,02
GHz vdi suy hao chén trong bang la 0,6 dB. Giai phap thiét ké nay khéng chi cai thién ddc
tinh triét tiéu séng hai & dai chén tan sé cao ma con giam kich thudc bg loc xuong 15 x
18 (mm). Bg loc co kha nang ing dung trong cdac h¢ thong siéu cao tan UWB, dic biét la
trong cdc hé thong ra da bang tan C.

Tir khoa: Bing siéu rong; Ong din song ddng phing; Cong hudng vi dai; B loc théng dai; Mach cao tn.
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