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A Compact Ultra-Wideband Bandpass Filter with Sharp Roll-off
Based on CPW-to-Microstrip Coupling Structure

Qiong Wang!, Chunhui Shi3, Xinlin Xia? *, Zhong Wang?®, and Yu Huang!

Abstract—In this paper, a compact ultra-wideband bandpass filter using a back to back Coplanar
Waveguide (CPW)-to-microstrip transition structure is proposed. Compared with traditional ultra-
wideband bandpass filters using hybrid structures, the proposed filter has a sharper selectivity because
of two transmission zeros located at the lower and upper edges of the passband, respectively, generated
by a modified T-shaped stub. Moreover, to further improve its out-of-band performance open stubs are
introduced to produce extra transmission zeros at high frequency. A prototype of the proposed filter
is fabricated and measured. The results show that the proposed filter achieves a bandwidth of 133%
from 2.4 to 11.9 GHz, and the selectivity (skirt factor) is optimized from 50% to 92% compared to a
former ultra-wideband (UWB) bandpass filter (BPF) with a similar structure. Besides, the proposed
filter can offer some other advantages such as good return loss, low insertion loss, stable group delay,
and compact size (16 x 7.55 mm?). This filter can be a good candidate for UWB applications.

1. INTRODUCTION

Since the US Federal Communication Commission (FCC) authorized the ultra-wideband (UWB)
spectrum (3.1 to 10.6 GHz) for commercial use in 2002 [1], the UWB bandpass filter, as a key
passive component in a UWB system, has received much interest. In recent years, several methods
and structures have been proposed to implement UWB bandpass filter (BPF) with compact size,
sharp roll-off, low insertion loss and wide bandwidth [2-18]. Among the reported UWB BPFs, the
interdigital coupled-line, which can create a UWB bandpass response and the multi-mode resonators
(MMR) are the most widely used structures [2-7]. In [2,3], UWB bandpass filters with sharp
selectivity were realized using MMR. Similarly, the stepped-impedance stub-loaded resonators were
often applied in UWB BPF to improve the out-of-band performances in [4,5]. The upper stopband
performances were improved by introducing tri-section stepped-impedance resonators (TSSIR) in [6, 7].
However, the selectivity is bad because there was no transmission zero in the low frequency band
not including 0 GHz. At the same time, several other UWB BPFs have been reported based on the
hybrid structures. For example, CPW-to-microstrip transitions structures [8,10] and microstrip-to-
CPW transition structures [11,12] have been used to design UWB BPFs. In these filters, their main
structures are microstrip-CPW or CPW-microstrip transition. Even though the transition structures
have bandpass characteristic, their stopband characteristics are dissatisfactory. In [13], a novel UWB
BPF using slow-wave half-mode substrate-integrated waveguide (SW-HMSIW) with a notch band
created by an L-type resonator was presented. Moreover, some novel methods and structures such
as the transversal signal-interaction [14, 15], defected microstrip structures (DMS) [16, 17] and defected
ground structures (DGS) [18] have been proposed in the last few years. However, the use of DMS and
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DGS etched in the microstrip and ground plane, respectively, might destroy the signal integrity for
packaging.

In this paper, a UWB bandpass filter with good in-band and out-of-band performances implemented
based on hybrid CPW and microstrip structures is proposed as shown in Fig. 1. The basic structure is
a back-to-back microstrip—-CPW transition structure reported in [8], which can create a UWB bandpass
response. In this work, to obtain a UWB BPF with good out-of-band performances, some other
structures are used. At first, in order to improve its selectivity, two transmission zeros are introduced by
loading a modified T-shaped stub. Moreover, open stubs are applied to further improve the performance
of the upper-stopband. In comparison with some traditional UWB BPFs based on hybrid CPW and
microstrip structures, the proposed UWB BPF has wider bandpass width and sharper selectivity.
Finally, a filter prototype is designed, fabricated and measured to verify its performance, and the
test results exhibit a good consistency with the simulated ones.

2. FILTER ANALYSIS AND DESIGN

The basic architecture of the proposed filter is shown in Fig. 1. The opposite sides of the substrate
are used as CPW and microstrip line separately. The transition between CPW and microstrip line is
based on an electromagnetic coupling mechanism that could be equivalent to a J inverter as shown in
Fig. 2. The microstrip MMR consists of step-impedance microstrip lines (TL5 and TLy4), a T-shaped
stub and open stubs even though the transition structure of CPW to microstrip has a UWB bandpass
characteristic, and it cannot be used directly in UWB systems due to its bad selectivity. In this work,
to obtain a UWB BPF with sharp selectivity, a modified T-shaped stub is loaded at the centre of the
microstrip to produce two transmission zeros located at the lower and upper edges of the passband.
Moreover, in order to further improve its upper stopband performances, a sector stub and open stubs
are used to implement two extra transmission zeros located at high frequencies.

B CPW B Microstri

Figure 1. Configuration of the proposed UWB BPF.

As for the modified T-shaped stub, the equivalent transmission lines mode is shown in Fig. 2. And
its input impedance (Z;;,1) is shown in Eq. (1).
—0.5571 cot 01 + jZ5 tan O (1)
Zy + 0.5Z1 cot A1 tan 6,

The condition of generating transmission zero Z;,,1 can be expressed by Eq. (2). With the hypothesis
of §1 = 05 = 6, its solution can be shown as Eqgs. (3)—(4).

Zinl = Zo

Z
tan 6y tanfy = — 2
an 0 tan 0y 27, (2)
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Figure 2. Equivalent J-inverter network of the proposed filter.

Figure 3. Dimensions of the proposed filter.

01 = arctan (1 / 2Z712) (3)
0o = m — arctan (1 / ZZ—Zlg) (4)

As for the sector stub with a characteristic impedance of Zg and open stubs with characteristic
impedance of Zs, the input impedances Z;,2 and Z;,3 are shown in Egs. (5) and (6), respectively.

Zing = —jZg cot Og (5)

Zing = —jZ3cot s (6)

Similarly, under the condition of Z;,5 = Z;,3 = 0, two transmission zeros are generated by the
sector and open stubs when 03 = 05 = 7/2.

Finally, the proposed UWB BPF is designed and fabricated for verification. The substrate used in

this work is Roger’s RO6010, which has a relative permittivity of 10.2 and thickness of 0.635 mm. A
photograph of the fabricated filter is shown in Fig. 4.
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Figure 4. Photograph of the fabricated UWB BPF.

3. EXPERIMENTAL RESULTS

The final dimensions of the fabricated UWB BPF optimized by Ansoft HFSS 13 are (see Fig. 3):
g0 = 0.35mm, gl = 1mm, w2 = 1.2mm, {2 = 4.6mm, h2 = 0.5mm, [3 = 5.2mm, wd = 0.22 mm,
w3 = 1.2mm, 6 = 30°, 0 = 1.6 mm, w0 = 0.1mm, [0 = 1.3mm, 5 = 3.75mm, Al = 0.6 mm,
rl = 3mm, /1 = 5.5mm. To verify our design, the fabricated UWB BPF is measured by an Agilent
vector network analyzer E8363B. The measured and EM simulated S-parameters of the proposed UWB
BPF are shown in Fig. 5(a). Clearly, a good agreement between the experiment and simulation results is
found. The tiny frequency shift is mainly caused by the fabrication and assembly errors. The measured
results show that the proposed filter achieves a 3-dB fractional bandwidth of 133% (2.4-11.9 GHz),
and the return loss is better than 12dB from 2.6 to 117 GHz. The measured insertion loss is found
less than 0.65dB within the whole UWB (3.1-10.6 GHz), with a minimum value of 0.44dB in the
vicinity of the central frequency. Moreover, this filter exhibits sharp skirt characteristics. The lower
and upper skirt selectivities are 116.3 dB/GHz and 67.5 dB/GHz, respectively, and the selectivity factor
(BW|3dB/BW|30dB) is 0.9. The simulated and measured group delays for this filter are shown in Fig.
5(b). The group delay is under 0.6 ns in the frequency range of 3 to 11 GHz, and the variation is less
than 0.1 ns over the whole UWB passband.

Table 1 summarizes the performance of the proposed filter along with previously published works
for comparison. As can be seen, the proposed UWB BPF has sharper selectivity than those previously
reported filters. A wider passband width is obtained. Compared to the filter with wide passband
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Figure 5. Simulated and measured results of the fabricated UWB BPF. (a) S parameters, (b) group
delay.
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Table 1. Comparison with published UWB BPF.

, BW  RL Fe B Size
Ref. Main Structures (%) (dB) (GHz) S.F = Bilas (g x Ao)
2] MMR 117 > 10 17.1 0.92 0.51 x 0.31
[4] MMR 115 > 10 17.6 0.86 0.38 x 0.31
[5] MMR 114 >10 161 0.78 0.73 x 0.35
6] TSSIR 118 > 11 15.4 0.65 1.65 x 0.41
7] TSSIR 119 >10  30.6 0.6 0.43 x 0.11
8] CPW-to-Microstrip 95 > 11 16 0.5 0.34 x 0.11
9] CPW-to-Microstrip 116 > 15 14 0.5 0.81 x 0.72
[10] CPW-to-Microstrip 133 > 15 18 0.83 0.25 x 0.30
[11] Microstrip-to-CPW 119 > 16 12 0.77 0.34 x 0.22
[12] Microstrip-to-CPW 116 > 14 124 0.8 0.33 x 0.17
[13] SW-HMSIW 13  >15 NG NG 0.60 x 0.40
[14] Folded SIR 123 > 12 16.2 0.85 0.54 x 0.10
[15] transmission lines 98 > 12 11 0.8 0.69 x 0.34
[16] DMS 110 >10 12 0.77 0.39 x 0.59
[17] DMS 129 > 14 18 0.7 0.34 x 0.08
[18] DGS 111 > 20 20 0.62 0.25 x 0.38
This Work CPW-to-Microstrip + MMR 133 > 12 15.8 0.92 0.36 x 0.17

S.F.: selectivity factor of the passband; BW: bandpass width; A f|3dB, Af|30dB: 3dB bandwidth and 30 dB bandwidth
of the passband; Fc: the upper-stopband frequency with 20 dB attenuation level; Ag: the wavelength at 6.85 GHz NG: Not
Given.

using the hybrid CPW and microstrip structures [10], the sharp selectivity is raised from 83% to 92%,
and almost 18.4% circuit size reduction is achieved. The proposed filter has almost the same filtering
performance as the one using interdigital coupled-line and MMR in [2], but the proposed UWB filter
has a wider bandpass width with a size reduction of 61.54%, compared with the one in [2]. In addition,
the selectivity (skirt factor) is optimized from 50% to 92%, and the fractional passband width is raised
from 95% to 133% compared with the former UWB BPF in [8].

4. CONCLUSIONS

In this paper, a novel UWB bandpass filter using a back-to-back CPW-microstrip transition structure
has been presented and analyzed. Its selectivity is significantly improved due to two transmission zeros
located in upper and lower stopbands respectively introduced by a modified T-sharp stub. Finally, to
verify the design, a prototype of the proposed filter is fabricated and measured in the frequency band of
1-16 GHz. The proposed filter exhibits good performance both in-band and out-of-band such as sharp
selectivity, low insertion loss (< 0.65dB) with compact size (0.36Ag x 0.17)\g), which make the proposed
filter a good candidate for UWB systems.
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