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Short-Circuited CPW Multiple-Mode Resonator for
Ultra-Wideband (UWB) Bandpass Filter

Jing Gao, Lei Zhu, Senior Member, IEEE, Wolfgang Menzel, Fellow, IEEE, and Frank Bogelsack

Abstract—An ultra-wideband (UWB: 3.1-10.6 GHz) bandpass
filter (BPF) on coplanar waveguide (CPW) is proposed, designed
and implemented. A nonuniform CPW multiple-mode resonator
with short-circuited ends is constructed and its first three resonant
modes are properly allocated around the lower-end, center and
higher-end of the specified UWB band. This CPW resonator is then
driven at two ends by two parallel-coupled CPW lines with dis-
persive inductive coupling degree. By properly reallocating the en-
hanced coupling peak toward the UWB’s center, a five-pole CPW
BPF with one full-wavelength can be eventually constituted. Its
UWRB bandpass performance is characterized and optimized on the
basis of a simple transmission-line network. Predicted results are
confirmed by experiment. Measured results achieve the insertion
loss <1.5 dB and group delay variation <0.35 ns in the realized
3.3 to 10.4 GHz UWB passband.

Index Terms—Coplanar waveguide (CPW), multiple-mode res-
onator and parallel-coupled line, ultra-wideband (UWB) bandpass
filter (BPF).

1. INTRODUCTION

INCE the Federal Communications Commission (FCC) re-

leased the unlicensed use of ultra-wideband (UWB: 3.1 to
10.6 GHz) wireless systems in February 2002 [1], many re-
searchers have started exploring various UWB components, de-
vices, and systems [2], [3]. As one of the key circuit blocks in
the whole system, the UWB bandpass filter (BPF) has been re-
cently studied through the use of the matured filter theory [4]
and other techniques [5]-[9]. As the two most initial UWB fil-
ters, a microstrip line is simply mounted in a lossy composite
substrate so as to realize high attenuation at high frequencies [5]
while a dual-stopband ring filter [6] is constructed by allocating
the lower and upper cut-off frequencies close to the two UWB
ends, i.e., 3.1 GHz and 10.6 GHz. In [7], a simple composite
UWSB filter is made up by cascading lowpass and highpass filter
structures together or embedding one into the other. In [8], a sur-
face-to-surface or broadend coupled microstrip-coplanar wave-
guide (CPW) structure with tightened coupling degree is uti-
lized to design an alternative class of UWB filters with one, two,
and three sections. In [9], a compact UWB BPF on microstrip
line is implemented on the basis of a single multiple-mode res-
onator (MMR) and an enhanced capacitive coupling element.
Its basic idea was originated in [10] to achieve a broad frac-
tional passband of 60%—-80% in terms of the first two resonant
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substrate

Fig. 1. Geometry of the proposed UWB BPF on coplanar waveguide (CPW).

modes existing in a nonuniform stepped-impedance resonator
(SIR) [11].

In this letter, a novel UWB BPF on coplanar waveguide
(CPW), as illustrated in Fig. 1, is proposed, designed, and imple-
mented. First, an alternative CPW MMR with two short-circuited
ends is constructed which consists of one high-impedance sec-
tion in the middle and two low-impedance sections at the two
ends. This MMR resonator is then characterized to allocate
its first three resonant modes occurring near the lower-end,
center, and higher-end of the targeted UWB passband. Mean-
while, a parallel-coupled or interdigital CPW line is utilized
as an enhanced inductive coupling element to drive the above
short-circuited CPW resonator at two ends, aiming at exciting
the two additional poles below and above the UWB’s center or
6.85 GHz. Finally, a five-pole CPW BPF with the FCC-specified
UWB passband is designed and fabricated. Measured results
achieve an insertion loss <1.5 dB and a group delay variation
<0.35 ns within the realized UWB passband (3.3 to 10.4 GHz).

II. SHORT-CIRCUITED CPW MULTIPLE-MODE RESONATOR

As compared to a microstrip line, the coplanar waveguide
(CPW) has an advantageous feature in that the strip conductor
and ground planes can be easily linked together to make up
a short-circuited end. This work presents a short-circuited
MMR on CPW whose geometrical sketch is illustrated in
Fig. 2(a). This short-circuited MMR is composed of three
distinctive CPW sections with one high-impedance section in
the middle and two identical low-impedance sections at the
ends. Fig. 2(b) depicts its equivalent transmission line network,
in which the two CPW step discontinuities are ignored in our
following analysis since their effects in fact rarely affect the
UWRB passband behavior. To manifest its MMR characteristics
for UWB filter design, the longitudinal resonant condition
for all the modes needs to be established. For this purpose,
the input impedance (Z;,) at the left short-end, looking into
the right end, is indicated in Fig. 2(b) and it can be derived
based on a simple cascaded transmission line theorem seen
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Fig. 2. (a) Geometry and (b) equivalent circuit network of the short-ended
CPW MMR to be investigated.

in (1), shown at the bottom of the page, where K = 71/7
is the impedance ratio of the middle and end CPW sections
in this MMR. Under the resonant condition of Z;, = 0, a
set of algebraic equations can be formed, thus solving all the
resonant frequencies, including the three lowest ones, i.e.,
f1, f2, and fs, that are of interest here. In this design, the
lengths of three sections are readily selected as 07 ~ 6 = 6.
As such, fi, fo, and f3 can be simply derived from the three
closed-form equations, i.e., #(f1) = arctan V'K, 0(f2) = 7/2
and 0(f3) = m arctan VK, respectively. In this way, we find
that the lower and higher frequencies, f; and f3, are mainly
determined by the ratio K, while the central f5 is somehow
affected by the actual lengths of three sections. To realize a
UWB passband later on, the traverse slot/strip widths of the
middle and end CPW sections should be properly chosen to
allocate these three frequencies, fi, fo, and f3 toward the
lower-end, center, and higher-end of such a UWB passband.

III. UWB FILTER ON CPW: GEOMETRY AND PRINCIPLE

Fig. 1 is the three-dimensional (3-D) view of the proposed
UWB BPF on CPW using a short-circuited CPW resonator
in the middle and a dispersive parallel-coupled CPW at the
two ends [12]. To achieve the specified UWB passband, the
three sections of this MMR are arranged with the lengths of
about one quarter-, one half-, and one quarter-wavelength, i.e.,
Ag2/4, Ag1/2, and Ago/4, as marked in Fig. 1. In this way,
the asymmetrical parallel-coupled CPW sections with short-
circuited ends can be equivalently expressed as a K -inverter
network with the impedance (K') and two unequal line lengths
(¢1 and ¢-) at two ends as discussed in [12]. Fig. 3(a) depicts
the top view of this UWB filter with all the known dimensions
except a varied coupled spacing or strip width (d). Its equiva-
lent network topology is depicted in Fig. 3(b). One can figure
out that the three cascaded sections with the phases, ¢2, ¢3, and
o2, between the two K -inverters, make up the resultant MMR.
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Fig. 3. (a) Geometry and (b) equivalent circuit network of the short-circuited

UWB BPF on CPW.
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Fig. 4. Simulated S>;-magnitudes of the UWB filter in Fig. 3(a) under
different strip spacing (d) in the parallel-coupled CPW section.

To carry out the optimization design of such a UWB filter
using the transmission line topology in Fig. 3(b), all the elec-
trical parameters of each single and coupled CPW section are
numerically extracted by applying our in-house program based
on the self-calibrated method of moments [13]. As all the di-
mensions of this MMR are determined in Section II, the cou-
pled spacing (d) is then properly adjusted with the target of
minimizing the insertion loss within the UWB passband. Fig. 4
depicts the four separate curves of frequency response of So;-
magnitude under d = 15, 10, 5, and 2 mil (optimized case).
At d = 15 mil, the three maximum S5; -magnitude peaks are lo-
cated at4.2, 7.0, and 9.8 GHz, respectively, while the poor trans-
mission with high insertion loss is observed in the frequency
range away from these resonant frequencies. As d is reduced,
the coupling degree of the parallel-coupled CPW gains a gradual
increment in extent so as to raise the So;-magnitude and reach
its maximum 0-dB line at d = 2 mil. Moreover, as the coupling
is enhanced, the lower and higher cut-off frequencies are found
to shift down and up simultaneously to 3.1 GHz and 10.6 GHz,
thus achieving a good UWB passband at d = 2 mil.
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Fig. 5. (a) Photograph, (b) S-parameter magnitudes, and (c) group delay of

predicted, simulated, and measured results of the optimized UWB filter.

IV. EXPERIMENTAL VERIFICATION

To verify the predicted electrical performance based on the
simple network in Fig. 3(b), the optimized UWB filter (d =
2 mil) is simulated again over its entire layout using the Agilent
Momentum software and its circuit sample is then fabricated
on the Duroid 6010 substrate with the thickness A = 25 mil
and permittivity £,, = 10.8. The designed UWB filter occupies
the overall length of 750 mil that is about one guided-wave-
length at 6.85 GHz as marked in the photograph in Fig. 5(a)—(c)
which shows the three separate graphs that are obtained using
the simple cascaded network, direct electromagnetic simulation,
and microwave experiment in the 1.0 to 13.0 GHz frequency
range. First of all, it can be seen that the network-predicted re-
sults are in very reasonable agreement with those from the two
other techniques over the plotted wideband which also accorded

the FCC-defined UWB mask for indoor wireless communica-
tion. In the realized UWB passband of 3.3 to 10.4 GHz, the
measured maximum So;-magnitude, |S21|, achieves 1.5 dB as
compared to 0.2 dB in simulation as can be found in Fig. 5(b).
The measured group delay varies from 0.32 to 0.67 ns. In other
words, the maximum variation in group delay achieves 0.35 ns,
indicating a good linearity of the developed UWB BPF as well.

V. CONCLUSION

In this letter, a novel UWB filter formed on coplanar wave-
guide (CPW) is presented, designed, and implemented. With the
proposal of an alternative MMR with two short-circuited ends,
a five-pole UWB passband is realized as demonstrated in both
simulation and experiment. It has been exhibited that the three
poles are contributed by the first three resonant modes in the
proposed MMR resonator and that the two additional ones are
brought out by the dispersive CPW coupled lines. Measured re-
sults of a fabricated UWB filter on CPW show that the actual
UWB BPF has an insertion loss of less than 1.5 dB and a max-
imum group delay variation of 0.35 ns in the realized UWB
passband of 3.3 to 10.4 GHz.
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