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Design of Compact Ultra-Wideband Filter with Low Insertion Loss

and Wide Stopband

Hui-I WU, Student Member, Zhao-Zhu WONG ', and Christina F. JOU', Nonmembers

SUMMARY  This paper proposes a compact ultra-wideband filter,
which skillfully utilizes the magnetic and capacitive coupling to obtain
sharp rejection. And, the filter contains a small number of lossy elements,
thus the low insertion loss and compact size will not be compromised. The
measured results show that the filter prototype has a measured 3 dB frac-
tional bandwidth of 128% from 2.8 GHz to 11.4 GHz, a minimum inser-
tion loss of 0.3 dB within the passband, a superior 20 dB stopband rejection
from 12.4 GHz to 24 GHz, and a very compact circuit size of 0.231x0.314,
where A is the guided wavelength of the microstrip structure at the center
frequency fo =7.1 GHz.
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1. Introduction

The wide-band band-pass filter is a critical component
since the Federal Communications Commission (FCC) in
the USA released the unlicensed use of UWB band (3.1-
10.6 GHz) for a variety of applications in 2002. Among the
different design approaches, filters that use parallel-coupled
lines with patterned ground were employed to give a tight
coupling for wideband applications [1]. However, owing to
the stringent requirement of large fractional bandwidth, a
very small gap size is demanded to enhance the coupling,
which is not easy to be fabricated. One way to relieve the
restriction on gap size is to add a third line in the parallel
coupled-line filter; unfortunately, the necessary gap size is
still too narrow for fabrication [2]. Another way to achieve
wideband characteristics is to adopt multimode resonators,
but the gap size problem still remains [3]-[5]. Additionally,
these filters have low insertion loss but may lead to poor
spurious response. A high-pass-based band-pass filter us-
ing a microstrip-coplanar-waveguide structure has been pro-
posed to achieve wideband characteristics [6]; however, the
resulting poor spurious response leaves room for improve-
ment. To suppress such spurious response, a quasi-lumped
and electromagnetic bandgap structure was also applied to
improve the stopband rejection; however, the circuit size and
insertion loss can still be minimized further [7]-[10].

This letter proposes a compact ultra-wideband filter
with low insertion loss, wide stopband, and compact size.
A wideband filter was then designed and fabricated using
Rogers RO4003C (with &, = 3.38, tan 6 = 0.0027, and thick-
ness 4 = 0.508 mm). Important parameters such as passband
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insertion loss, stopband bandwidth, stopband rejection, and
size will all be measured and compared with filters designed
by other research groups.

2. Wideband Filter Design

Figure 1(a) shows the proposed quasi-lumped band-pass fil-
ter prototype containing three inductors, four capacitors, and
two short circuited shunt stubs. The resonant frequency of
the series circuit L,C, is 7 GHz, and that of C{L; and C3L4 is
about 17 GHz. The two short circuited shunt stubs 7L, and
TL, are quarter-wavelength at about 9.5 GHz, and C; L3 and
Cs L4 will resonate with TL1 and TL2 at the center frequency
of the passband, i.e. 7 GHz. Thus, the prototype originates
from a high-pass circuit at low frequency, and then trans-
forms into a low-pass one at high frequency; therefore the
wide passband characteristic can be obtained [11]. For the
stopband characteristic, C. can produce a transmission zero
close to the upper passband edge, thus a good selectivity can
be obtained. Furthermore, the series circuits L3C; and LyC3
and the two short circuited shunt stubs 7L; and TL, that are
half-wavelength at 18 GHz will enhance the upper stopband
rejection. For the lower stopband rejection, the magnetic
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Fig.1 (a) The proposed wideband filter. (b) The three-dimensional
layout.
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coupling between TL; and TL, will produce a transmission
zero [12].

In our implementation, quasi-lumped elements are
adopted to approximate the quasi-lumped prototype. As
depicted in Fig. 1(b), the inductors L,, L3 and L4 are im-
plemented by high-impedance microstrip line sections, and
the shunt transmission lines 7L; and 7L, are implemented
by microstrip shorted stubs connected to ground. The ca-
pacitors C; and C; are implemented by low-impedance mi-
crostrip line sections and the series capacitor C, is realized
by the microstrip-to-CPW transition. Besides, C, originates
from the microstrip-to-CPW transition, thus its layout in-
cluding the slot in the bottom layer and the gap in the top
layer should be simulated carefully. Furthermore, the ca-
pacitive coupling between C; and C3 will affect C,, thus the
distance between those capacitors should be desinged suit-
ably to optimize the selectivity of the filter. The filter skill-
fully utilizes the capacitive and magnetic coupling between
the elements implemented in the three- dimension layout,
thus we can obtain good selectivity with a small number of
passive/lossy elements. Furthermore, because a small num-
ber of passive/lossy elements are used, low insertion loss
over the wide passband and compact size won’t be compro-
mised.

3. Experimental Results

To verify the feasibility of the quasi-lumped prototype and
to account for the discontinuities between the elements
which are not considered in the prototype, the filter is sim-
ulated over its entire layout using Ansoft HFSS v10 and
is then fabricated using Rogers RO4003C (with &, = 3.38,
tand = 0.0027, and thickness & = 0.508 mm). Figure 2(a)
shows the top-/bottom-layer layout, and the photograph of
the proposed filter is shown in Fig.2(b). The overall di-
mension of the device is 4.6 mm X 7.4 mm, which is ap-
proximately 0.234 x 0.314, where A is the guided wave-
length of the microstrip structure at the center frequency fj
= 7.1 GHz. The dimensions confirm the very compact size
of the developed device. Figure 3 shows the measured S -
parameters of the proposed wideband filter. The filter has a
measured 3 dB fractional bandwidth of 128% from 2.8 GHz
to 11.4 GHz. The return loss is greater than 13 dB within
the pass-band, and the minimum insertion loss is 0.3 dB at
5GHz. It also exhibits good selectivity and stopband re-
jection, which is better than 20 dB from 12.4 GHz to about
24 GHz. The discrepancies between the simulated and mea-
sured results are due to the fabrication errors. Moreover,
from the measured S -parameters, we determine that the im-
plemented filter exhibits a flat group-delay ranging from
0.32ns to 0.44ns over the whole passband, as shown in
Fig.4. Comparison with other filters is summarized in Ta-
ble 1. In terms of size, stopband rejection, stopband band-
width and insertion loss, our wideband filter has similar or
better performance.
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Fig.2  (a) The top-/bottom-layer circuit layout of the proposed filter. (b)
The photograph of the filter.
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Fig.3  Simulated (dashed curves) and measured (solid curves) insertion
loss, and return loss of the fabricated filter.
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Fig.4  Measured group delay of the fabricated filter.
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Table1 Performance comparison of filters presented in prior works and the proposed filter.
3dB BW Min. Min. Stopband Size &/ tand Design method
(GHz) Return Insertion Rejection /
Loss Loss Bandwidth
(dB) (dB)
[6] 3.18-10.72 17.2 0.48 20/11-15 0.306 x 0.458 1. | 3.38/0.0027 Quasi-lumped
(71 3-10 13 1" 20/12.6-26.9 | 0451x 176\ | 3.38/0.0027 Quasi-lumped
[8] 1-5.8 10 0.9 30/6.4-20 0.28 A x 0.59 A 2.4 /NA Electromagnetic
bandgap
[9] 1.8-10 10 0.32 38/10.4-18 | 036Ax0.87% | 3.15/0.0025 Quasi-lumped
[10] 2.8-11 15 1.1° 30/12-30 0.44 A% 0.6 A 10.8/0.0023 Multi-mode
resonator
This work 2.8-11.4 13 0.3 20/12.4-24 0.23Ax031% | 3.38/0.0027 Quasi-lumped

*Maximum Insertion Loss

4. Conclusions

In this paper, a 2.8-11.4 GHz filter was designed and fab-
ricated using Rogers RO4003C (with g, = 3.38, tand =
0.0027, and thickness # = 0.508 mm). Compared with other
filters in a similar frequency range, our circuit simultane-
ously achieves low insertion loss, wide-stopband, good se-
lectivity, and compact size.
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