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Abstract — New ultra-wideband planar dual-band filter designs
are presented. Two broad passbands with up to 48 percent
fractional bandwidths are obtained by utilizing quarter-
wavelength coupled-line section to create additional reflection
zeros within each passband. Parallel open-end high impedance
segments in stepped-impedance resonators achieve passband
separation as they provide attenuation poles between the
passbands. Out-of-band rejection is improved by introducing
source-load coupling, which produces attenuation poles in the
lower and higher rejection bands. The basic design approach is
discussed. Several different dual ultra-wideband filters are
proposed. Two different professional EM software packages
verify the individual responses.

1. INTRODUCTION

The definition of ultra-wideband (UWB) applications
specifies that related systems be required to cover a minimum
bandwidth of 25 percent [1]. Since the release of the 3.1 —
10.6 GHz band, activities in planar filter design focused on the
coverage of the entire 110-percent band, e.g. [2] —[4]. All of
these designs employ the multiple resonance properties of
stepped-impedance resonators (SIR’s), which are also
commonly used in dual-band filter applications, e.g. [5] — [7].
However, the dual-band filters presented so far are relatively
narrowband and do not fall into the UWB category according
to the above definition.

Therefore, this paper presents the design of new dual-band
filters in which each passband covers a bandwidth of up to 48
percent. Compared to standard stepped-impedance dual-band
filters, the extended bandwidths are achieved by using
coupling elements formed by quarter-wavelength coupled-line
sections as known from UWB filters. Different stepped-
impedance resonator configurations and structural folding add
to the compactness of the designs.

II. DESIGN

Fig. 1 depicts the evolution of stepped-impedance
resonators from the basic configuration (Fig. la) to more
sophisticated implementation (Fig. 1b-1e). The parallel open-
ended high-impedance segments in Fig. 1lb and lc are
determined through partial impedance division - as are the
more compact low-impedance sections in Fig. lc and le.
These SIR structures not only have the same capability of
resonating and operating at fundamental and harmonic
frequencies, but they also possess the flexibility to be arranged
as in cascaded-SIR UWB filters [2], [4]. At the same time,
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however, they are capable of generating attenuation poles
between the fundamental and first higher-order resonances.
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Fig. 1 Basic to advanced configurations of stepped-impedance resonators.

Fig. 2 shows the assorted coupled-line sections employed in
the proposed dual UWB filter designs. The coupling from the
input/output to the first/last resonator as shown in Fig. 2a is
stronger than traditional ones and follows implementations as
shown in, e.g., [8]. It not only reduces the requirement for
high-accuracy fabrication but also provides strong
input/output coupling which increases bandwidth. The
quarter-wavelength coupled-line sections between resonators
(Fig. 2b-2d) can generate an additional reflection zero within
the passbands, thus increasing the order of the filter and hence
the bandwidth.
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Fig. 2 Assorted coupled-line sections employed in dual-band UWB filter
prototypes: Input/output coupling segment to the first/last SIR (a); coupled-
line section used in cascaded two-SIR (b), three-SIR (c) and four-SIR (d)
filters.

A dual-band filter is normally expressed in terms of
fractional bandwidth (4f) and the center frequencies in the
first (f;) and second (f;) passbands [5]. The center frequency
(fo) for the dual-band design is taken as the arithmetic mean of
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the two passband center frequencies. For the individual
resonance frequencies of a basic SIR, the impedance ratio
R=27,/Z; and the relationship between electrical section
lengths U=6:/(0,+&)=L,/(L+L,) (Fig. la), the reader is
referred to, e.g., [S]. The fundamental and higher-order mode
resonances occur alternatively in the odd and even modes. The
ratio of the harmonic frequencies to the fundamental-mode
resonance can be specified in terms of R, and U.

Fig. 3 depicts the ratio of the harmonic frequencies to the
fundamental one (f,/f}) of a basic SIR in terms of length ratio
U for different impedance ratios R, [3]. In the design of dual-
band filters, the fundamental and first higher-order resonances
are normally allocated as center frequencies in the first and
second passband, respectively. In addition, the second
harmonic should be moved away from the second passband in

order to achieve wider upper-band rejection.
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Fig. 3 Harmonic resonance frequency ratios of a basic SIR in terms of
electrical length ratios and for different impedance ratios.

In order to achieve high isolation between passbands as
well as an additional reflection zero in each passband, the
electrical length of the open-ended high-impedance coupled-
line section (&) must be 772 at center frequency f;. Once the
physical length L, is known, L; can be specified through the
length ratio U. In this design approach, it is also assumed that
the coupling coefficients between coupled-line sections are
frequency independent. Furthermore, due to the additional
reflection zero of the quarter-wavelength coupled-line sections,
the number of required resonators is usually one less than that
of a typical Chebychev passband filter design.

III. RESULTS

As a first example, let us design a dual-band filter with
center frequencies at fj=2.2 GHz, £,=3.5 GHz (f,/f;=1.6) and
10dB fractional bandwidth of 4~600 MHz (28 percent) for
the first and second pass-band. The center frequency of the
entire filter is located at f,=2.85 GHz, which specifies the
physical length of the high-impedance coupled-line segment
(L) to be a quarter-wavelength. Fig. 4 shows the response of
the filter prototype as validated by two different EM field
solvers (Ansoft Designer® and IE3D™). Note that only two
cascaded SIR’s are used but that the filter is of order three in

both passbands due to the parallel-line coupling sections. The
filter prototype, as depicted in the inset of Fig. 4, is designed
on RT6010 substrate with a height of 25 mils. Due to the
frequency-dependent coupling coefficients (compared to
constant ones assumed in the design), the bandwidth in the
second passband is slightly higher than specified (~700 MHz).
The third harmonic is located at 5.8 GHz based on the values
for impedance and length ratios. For this design, this is the
largest possible distance from the second passband.
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Fig. 4 Response of a three-pole dual-band filter (f;=2.85 GHz) using two
cascaded SIR’s of Fig. le and coupled-line segments of Fig. 2b.
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Fig. 5 Response of a three-pole dual-band filter (f,=7 GHz) using two
cascaded SIR’s of Fig. 1e and coupled-line segments of Fig. 2b.

Fig. 5 shows a different three-pole, two-SIR dual-band
filter topology with a center frequency of f;=7 GHz. The
substrate is RT6006 with a height of 25 mils. The center
frequencies for the first and second passbands are f;=5.25
GHz and f£=8.85 GHz (f/fi=1.7), respectively. The
bandwidths obtained in this design are approximately 1.5 GHz
for the first and 1.75 GHz for the second passband. The return
loss is better than 15 dB, and the insertion loss is less than 1.5
dB in each passband.

In order to extend the fractional bandwidth in each
passband, more resonators are required. A four-pole dual band
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filter prototype with three cascaded SIR’s is shown in the inset
of Fig. 6. It uses RT6006 substrate with #=25 mils. The design
specifications are: f1=4.86 GHz, /,=9.15 GHz (f,/f;=1.9), and a
3dB fractional bandwidth of 2 GHz (42 percent). Fig. 6 shows
the performance. In order to allocate the two resonances of the
third (right-most) SIR within the two passbands, different
impedance and length ratios are selected for this resonator.
Otherwise, the use of the same SIR as the first and last
resonators would create reflection zeros too close to the
rejection band between the passbands.
0

T T K
AL

I
i

10 i)

J ]
A
/

———

5}
a

S

S118821 (dB)
A
=]

n
=]

‘\:::
::;:k‘
=

i
P
/’f,
[~

sol-AF —==511(E3D) ‘
! ———521(E3D)
i —— 321 (Ansoft)
70 —S511{Ansar)|

-60

2 4 8 10 12 14 16
Frequnecy (GHz)

Fig. 6 Performance of a four-pole, three-SIR dual-band filter (f;=7 GHz)
using SIR’s of Fig. 1b,1e and coupled-line segment of Fig. 2c.
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Fig. 7 Performance of a five-pole, four-SIR dual-band filter (f,=7GHz, )
using SIR’s of Fig. 1b, 1e and coupled-line sections of Fig. 2c, 2d.

A five-pole dual-band filter approaching 48 percent fractional
bandwidth including four cascaded SIR's can be set up as
shown in the inset of Fig. 7. The center frequencies are
selected at fi=4.7 GHz and £,=9.2 GHz (f,/f11=1.95). The
simulated performances, as depicted in Fig. 6, confirm 3dB
fractional bandwidths of 2.1 GHz and 2.3 GHz. The insertion
loss is less than 2 dB, and the return loss is better than 10 dB.
The substrate used for this filter prototype is RT6006 with
h=25 mils.

For the UWB dual-band filters in previous examples, the
rejections beyond the second passbands are relatively low due
to the third harmonic resonances. Therefore, attenuation poles
are required in this frequency range in order to create a sharp
skirt. This can be achieved through source-load coupling
which is capable of generating such poles in both the lower
and upper rejection bands. The locations of the attenuation
poles can be changed by the source-load coupling coefficient.
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Fig. 8 Response of the source-load-coupled version of a dual-band filter

similar to that of Fig. 4.
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Fig. 9 Response of the source-load-coupled version of the dual-band filter
presented in Fig. 6.

Fig. 8 shows the performance of a dual-band filter similar to
that of Fig. 4 after introducing source-load coupling. The
additional attenuation poles are produced at 800 MHz, 1.5
GHz, 4.3 GHz and 5 GHz. Moreover, the double pole between
the bands in Fig. 4 is now converted to two single ones at 2.8
GHz and 3 GHz. It appears that source-load coupling moves
the attenuation poles between the bands slightly outward,
which leads to higher selectivity for each passband.

Source-load coupling is also implemented for the dual-
band filter topology in Fig. 6. In comparison, Fig. 9 confirms
additional attenuation poles at 1.2 GHz, 3.2 GHz, 11.4 GHz
and 12.6 GHz. Moreover, the two poles between the

781



passbands moved slightly towards the passbands and are now
located at 6.6 GHz and 7.5GHz.

Obviously, source-load coupling improves selectivity for
each passband and creates sharp skirts in both the lower and
upper stopband region.

IV. CONCLUSIONS

New microstrip stepped-impedance resonator
configurations are proposed for UWB dual-band filter
applications. The designs employ a number of different SIR’s
and coupling sections. Parallel-coupled line sections cascade
individual SIR’s and, at the same time, increase the order of
the filter by one in both passbands. Open-ended high-
impedance segments are capable of generating attenuation
poles between the two passbands. Attenuation poles towards
lower and higher frequencies are generated by source-load
coupling which also improves the attenuation between the
passbands and, therefore, contributes to passband selectivity.
The proposed dual-band filters provide ultra-wide fractional
bandwidths between 28 and 48 percent in both passbands. The
presented design examples are verified through results from
two different professional electromagnetic field solvers.
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