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Ultra-Wideband (UWB) Bandpass Filters
Using Multiple-Mode Resonator

Lei Zhu, Senior Member, IEEE, Sheng Sun, Student Member, IEEE, and Wolfgang Menzel, Fellow, IEEE

Abstract—A novel microstrip-line ultra-wideband (UWB) band-
pass filter is proposed and implemented using a multiple-mode res-
onator (MMR), aiming at transmitting the signals in the whole
UWRB passband of 3.1-10.6 GHz. In the design, the first three res-
onant frequencies of this MMR are properly adjusted to be placed
quasiequally within the UWB. Then, the parallel-coupled lines at
the two sides are longitudinally stretched so as to raise the fre-
quency-dispersive coupling degree with the coupling peak near the
center of the UWB. After optimization of this filter, a good UWB
bandpass behavior with five transmission poles is theoretically re-
alized and experimentally confirmed. Within the whole UWB pass-
band, the return loss is found higher than 10 dB, and the group
delay variation is less than 0.23 ns.

Index Terms—Multiple-mode resonator (MMR), parallel-cou-
pled microstrip line and size compactness., ultra-wideband (UWB)
bandpass filter.

1. INTRODUCTION

LTRA-WIDEBAND (UWB) technology has great poten-
Utial in the development of various modern transmission
systems, for instance, through-wall imaging, medical imaging,
vehicular radar, indoor, and hand-held UWB systems, etc [1].
In February 2002, the U.S. Federal Communications Commis-
sion (FCC) authorized the unlicensed use of UWB devices for
a variety of applications [1]-[3]. For the indoor and hand-held
UWRB systems, the FCC required that the UWB bandwidth must
be strictly contained between 3.1 and 10.6 GHz. To meet these
requirements on the emission level as defined in [1], special re-
search interests in the microwave society have been recently
aroused on the development of UWB bandpass filters [4]-[6],
covering the whole UWB passband with the fractional band-
width of 109.5% at the center frequency of 6.85 GHz.

The traditional filter theory was systematically established
under the assumption of narrow passband, and it has been found
to be very powerful in the design of filters with various pass-
bands. In [7], a filter with tightened coupling extent via a three-
line coupling section was reported to originally show its ca-
pacity in realizing a wide passband of 40% to 70%. In [8],
a wideband passband of 49.3% was achieved in terms of two
stopbands of a filter block with the two tuning stubs on a ring
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resonator. However, this filter configuration was found theoret-
ically difficult to be directly employed for the design of such
a UWB filter with a bandwidth of about 110.0%. To the best
of our knowledge, only these two types of filters have been
reported today in [4]-[6] to have reasonably achieved such a
UWRB passband. In [4] and [5], a microstrip ring filter with the
dual stopbands below 3.1 GHz and above 10.6 GHz was con-
structed to make up the most initial UWB filter. However, this
filter in fact has many problematic issues, such as unexpected
passbands below 3.1 GHz, narrow lower/upper stopbands, large
size, complexity in configuration, and so on. Later on, an alter-
native UWB filter was presented in [6], which was constructed
by mounting the microstrip line in the lossy composite substrate
S0 as to attenuate the signals at high frequencies. The reported
performances in [6] showed that this filter had an insertion loss
higher than 6.0 dB in the UWB passband and the return loss as
high as 4.5 dB in the upper stopband above 10.6 GHz.

In this letter, we present a novel compact UWB bandpass
filter using a microstrip-line multiple-mode resonator (MMR)
[9]-[11]. It was initially exhibited in [9] that the first two reso-
nant modes of the constituted MMR could be utilized together
with the input/output parallel-coupled lines to achieve a 70%
wide passband with four transmission poles. In [10] and [11],
the first three resonant modes of an improved MMR were newly
constructed to realize five transmission poles with lowered re-
turn loss in the whole passband. Following the works in [10]
and [11], the MMR here is to be properly modified in configu-
ration so as to reallocate its first three resonant modes close to
the lower-end, center, and upper-end of the targeted UWB pass-
band. Also, the coupling degree of the input/output parallel-cou-
pled line sections is largely raised, good UWB passband perfor-
mances are realized and demonstrated in theory. Later on, all the
predicted parameters, i.e., insertion/return loss and group delay,
are experimentally verified in a wide frequency including the
UWB passband.

II. PROPOSED UWB FILTER

Fig. 1 depicts the schematic of the proposed microstrip-line
UWRB bandpass filter. At the central frequency of the UWB pass-
band, i.e., 6.85 GHz, the MMR consists of one half-wavelength
(A\/2) low-impedance line section in the center and two iden-
tical A/4 high-impedance line sections at the two sides. With
respect to its configuration, this proposed MMR may be cate-
gorized as a so-called stepped-impedance resonator (SIR) [12].
As a nonuniform transmission line resonator, the SIR was pro-
posed in [8] to enlarge the frequency spacing between the first-
and second-order resonant modes so as to effectively widen
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Fig. 1. Schematic of the compact microstrip-line UWB bandpass filter.

Substrate: ¢, = 10.8, thickness = 1.27 mm.

the upper stopband above the dominant passband of a band-
pass filter. In this aspect, only the first-order resonant mode is
actually utilized in the filter design, whereas the second-order
and the other resonant modes lead to the emergence of mul-
tiple-band spurious harmonics in the designed filter. However,
in our MMR, all the first three resonant modes are taken into
account together and they are applied to make up a wide dom-
inant passband. In this case, the first- and third-order resonant
frequencies basically determine the lower and upper cutoff fre-
quencies of a wide passband, as discussed in [9]-[11]. By fur-
ther introducing the two additional transmission poles in the A /4
parallel-coupled lines, a UWB filter can be built up with good
insertion and return loss in the entire passband of concern [11].

In the proposed, UWB filter as shown in Fig. 1, the strip
widths of the two identical high-impedance lines at the two sides
of this MMR are selected as 0.10 mm while their lengths are
reasonably stretched to about A/4 (\: guided-wavelength) at
the central frequency of 6.85 GHz. The central low-impedance
line portion in this MMR has 1.08 mm in width and approxi-
mately A\/2 or 7.34 mm in length. To have a degree of freedom
in tightening the coupling degree as inquired later on, the strip
and slot widths in the coupled lines are chosen as 0.10 mm and
0.05 mm, respectively. In the following full-wave simulation, a
strip conductor thickness of 17 pmis also considered. In order to
quantitatively investigate the multiple-mode resonance behav-
iors of this MMR, the coupled-line length (Lc) is at first selected
much shorter than A\ /4 with respect to 6.85 GHz. Fig. 2 plots the
simulated S»;-magnitudes in the wide frequency range (1.0 to
13.0 GHz) under the three different coupling lengths, i.e., Lc =
0.1, 0.5, and 3.95 mm. It needs to be pointed out that the two
dash-dot lines in Fig. 2 indicate the desired insertion loss con-
figurations of the ideal UWRB filters for the indoor and hand-held
UWB systems [1], respectively. Looking at the two weak cou-
pling cases with Lc = 0.1 and 0.5 mm, the three resonant fre-
quencies with the peak So1-magnitudes are observed to occur at
around 4.23, 6.66, and 9.26 GHz, respectively. As Lc increases
from 0.1 to 0.5 mm, the S2;-magnitude curve slightly rises. As
Lc largely increases to 3.95 mm that approximately equals to
A/4 at 6.85 GHz, the whole S3;-magnitude realizes an almost
flat frequency response near the 0-dB horizontal line over the
desired UWB band. Moreover, the overall length of this UWB
filter is approximately equal to one full wavelength at 6.85 GHz,
that is much smaller than those reported in [4]-[6].

III. EXPERIMENTAL VERIFICATION

After slight adjustments of certain dimensions are made, the
UWB bandpass filter with improved performance is designed,
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Fig.2. Insertion loss of the microstrip-line UWB bandpass filter with different
parallel-coupled line lengths (Lc).
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Fig. 3. Predicted and measured results of the designed microstrip-line UWB

bandpass filter. (a) Photograph. (b) Insertion and return losses. (c) Group delay.

fabricated, and measured. Fig. 3(a) illustrates the top-view pho-
tograph of the fabricated UWB filter. The length between the
two reference planes of this filter is 16.0 mm. Predicted and
measured frequency responses of insertion and return losses as
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well as group delay are plotted together in Fig. 3(b) and (c) for
quantitative comparison. Over the wide frequency range of 1.0
to 13.0 GHz, the predicted and measured results are found to
be in good agreement with each other. In the measurement, the
lower and higher cutoff frequencies of the UWB passband are
equal to 2.96 GHz and 10.67 GHz, respectively, as can be ob-
served in Fig. 3(b). This indicates that the relevant fractional
bandwidth achieves about 113%. At the central frequency of
6.85 GHz, the measured insertion loss is found as 0.55 dB which
is much better than 6.7 dB in [6]. Over the UWB passband, the
return loss in simulation and measurement are both higher than
10 dB with five transmission poles. Following the discussion
in [11], one can figure out that the first-, third-, and fifth-order
poles are brought out by the first three resonant modes in the
constituted MMR resonator. Meanwhile, the second and fourth
poles are contributed by the two quarter-wavelength coupled
line sections with enhanced coupling degree [9]-[11]. On the
other hand, within the UWB passband, the predicted and mea-
sured group delay are both less than 0.43 ns with the maximum
variation of about 0.23 ns, thus implying the good linearity of
this proposed UWB bandpass filter.

IV. CONCLUSION

In this letter, a novel microstrip-line UWB bandpass filter
with compact size is proposed, designed, and implemented. By
forming a MMR and introducing quarter-wavelength parallel-
coupled lines in the input and output ports, a UWB passband
with five transmission poles is achieved as illustrated in theory
and verified in experiment. Within the UWB passband, the mea-
sured insertion and return losses are lower than 2.0 dB and
higher than 10.0 dB, respectively, while the group delay varies
in between 0.20 and 0.43 ns. All these derived results demon-
strate that the proposed UWB filter is much better than the two
existing ones reported in [4]-[6] in the electrical performances

of UWB passband and lower/upper stopbands as well as geo-
metrical configuration and design principle. To reduce the radi-
ation-caused insertion loss at the upper end of the UWB pass-
band, aperture compensation and/or suspended stripline tech-
niques [9]-[11] will be employed in the future to design such a
UWRB filter on a thin dielectric substrate.
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