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Abstract — New ultra-wideband stepped-impedance resonator
configurations are presented which, in cascaded and folded
forms, are well suited for compact small-size filter applications.
Compared to similar structures known hitherto, improved
stopband performance is obtained by structural folding and
source-load coupling. A variety of different filter configurations
is presented with bandwidths up to 105 percent covering the 3.1-
10.6 GHz range. Excellent stopband performance is obtained up
to 16 GHz. The filters are designed for standard microstrip
applications on commonly used substrate materials, and their
responses are verified by different commercial electromagnetic
software packages.

Index Terms —Filter design, ultra-wideband filters, stepped
impedance resonators, microstrip filters.

1. INTRODUCTION

The tunable harmonic response property of stepped-
impedance resonators (SIR’s) is well known and has been
extensively applied to the design of dual-band printed-circuit
filters, e.g., [1] - [8].

Ultra-wideband (UWB) filters are often designed as
microstrip circuits including additional apertures in the ground
plane, e.g. [9], [10], or in coplanar waveguide technology
[11]. The multiple resonances of a single stepped-impedance
resonator (Fig. 1) are employed in [12], [13] and, using
additional stubs and source-load coupling, in [14]. Cascaded
stepped-impedance filters for UWB applications are presented
in [15].
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Fig. 1. Electrical and dimensional parameters of a stepped-
impedance resonator (SIR).

From all of these investigations (and many others not
referenced here for lack of space), it is obvious that a single
stepped-impedance resonator, which is tightly coupled to the
input/output microstrip lines, is capable of producing an UWB
filter covering the 3.1-10.6 GHz frequency range, e.g. [13].
However, the stopband behavior of such a filter is rather poor.
On the other hand, cascading multiple stepped-impedance
resonators provide excellent UWB filters with good stopband
performance; but the designs are rather long and spacious
[15].
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Therefore, this paper focuses on structural folding of both
the stepped-impedance resonators (Fig. 2) and the entire
component to obtain compact UWB filters with improved
stopband performance. As a consequence of folding, source-
load (input-output) coupling can easily be applied to introduce
transmission zeros in the stopband.
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(b}
Examples of folded SIR’s.

(a)
Fig. 2.

II. DESIGN

Fig. 1 depicts the geometry of a microstrip SIR. The
resonant frequencies are calculated by the following two
transcendental equations:

R, —tang tan@, =0
R_tang, +tan6, =0 M

where R,=Z,/Z; is the impedance ratio and 6, and & are the
electrical lengths of the respective impedance segments.
Fundamental and higher-order odd and even resonances occur
alternatively. The ratio of the higher resonance frequencies to
the fundamental frequency can be determined through above
equations in terms of R, and the ratio U of the electrical
lengths.

odd mode

even mode

U=6,/(6,+6) 2)
Note that the ratio of the physical lengths differs from that of
the electrical lengths because the effective dielectric constants
are different for the two lines.

In order to design a wide band filter, the fundamental and
the proper number of higher order resonances of the SIR
should be located within the passband. For triple-mode SIR’s,
the center frequency of the filter is the arithmetic mean of the
fundamental and second resonant frequencies so that the
fundamental and second harmonic frequencies are properly
defined close to the edges of the passband and equally spaced
from the center frequency.

The SIR’s are connected to each other and to the
input/output by quarter-wavelength coupled-line sections,
which act as inverters and can generate two more reflection
zeros within the passband, e.g. [13].



The concept of UWB filter design is to match the resonant
frequencies of the SIR’s with the reflection zeros generated
from a Chebyshev polynomial [15]. High selectivity is
achieved by allocating transmission zeros close to the
passband. In the folded configurations presented here, the
value and sign of the source-load coupling defines the
locations of the transmission zeros. A strong and positive
source-load coupling can generate two transmission zeros on
each side of the passband and a number of other zeros in the
upper stopband region.

III. RESULTS

This section presents design examples of folded UWB
filters using one, two and three SIR’s. All designs are verified
using the two commercial software packages Ansoft
Designer” and IE3D".

Fig. 3 shows the responses of two UWB filters using the
folded SIR configurations in Figs. 2b and 2c, respectively.
The substrate is RT6010 with £=10.8 and a thickness of 50
mils. The fractional 3-dB bandwidths for these filters are 91.6
and 93.6 percent, respectively. It appears that the folded SIR
in Fig. 3c shows slightly higher fractional bandwidth with the
same structural parameters. The insertion loss is less than 2dB
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Fig. 3.  Performances of single-SIR filters according to the folded
configurations of Fig. 2b (a) and Fig. 2¢ (b).
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and the return loss is better than 11 dB for both filters,
although the latter is slightly better for the filter in Fig. 3a. A
transmission zero appears at 10 GHz for both filters. The
attenuation in the upper-band region for the filter in Fig. 3b is
slightly lower with an additional resonance peak at 9.5 GHz.
This is due to the additional bend in the SIR, which produces
unwanted coupling between resonant modes.

Fig. 4 shows the results of a single folded SIR filter
according to Fig. 2a including source-load coupling. The
design is for RT6006 substrate with a thickness of 25 mils.
The symmetrical source-load coupling is positive and
generates five additional transmission zeros — two on each
side of the passband at 1.25, 2.5, 7.5 and 8.4 GHz as well as
one in the upper-band region at 11 GHz. The 3-dB fractional
bandwidth is 83 percent. The insertion loss is less than 1 dB,
and the return loss is better than 10 dB.
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Fig. 4. Performance of single-SIR filter according to the
configuration of Fig. 2a.
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Fig. 5 shows results of SIR filters with two cascaded
resonators according to the three folded configurations
presented in Fig. 2. The structure in Fig. 5a utilizes RT6006
substrate (g,=6.15) with 25 mil thickness, those in Figs. 5b, 5c
use RT6010 (¢=10.8) and 50 mils. The 3-dB bandwidths in
Figs. 5a, 5b, 5c are 4.7, 5.4 and 5.5 GHz, respectively. The
insertion loss is less than 2 dB, and the return loss is better
than 10 dB. Since source-load coupling is not in effect, no
transmission zeros appear in the upper stopband in Fig. 5a;
however, the attenuation is better than 30 dB from 8.5 to 14
GHz. Figs. 5b and 5c¢ show some transmission zeros in the
upper stopband. They are inherent to the folding of the
individual SIR’s as they have already been observed in the
single-SIR structures in Fig. 3.

Fig. 6 shows the performances of two folded UWB filters
with two cascaded SIR’s and two different source-load
coupling paths. The substrate used in these filters is RT6006
with 25 mil thickness. The source-load coupling generates
altogether six real transmission zeros in the lower and upper
rejection bands. It also creates a complex zero close to the
upper side of the passband. Both filters have almost the same



performance with an insertion loss less than 1 dB and return
loss better than 15 dB. The 3-dB bandwidths are 4.7 GHz
centered at 5.45 GHz. It is noted that the locations of
transmission zeros are the same for both filters; however, the
filter in Fig. 6b is more compact. In comparison to Fig. 5a, the
filters in Fig. 6 show no significant change in bandwidth and
reflection coefficient (although the latter is slightly improved
for the f;ﬂters in Fig. 6), since the dimensions of the coupled-
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Fig. 5.  Performances of two cascaded SIR filters according to the

folded configurations of Figs. 2a (a), 2b (b) and 2c (c).

line sections and stepped-impedance resonators are kept
unchanged. However, the source-load coupling in Fig. 6 has a
great impact on the attenuation in the lower and upper
rejection bands. This results in a high selectivity around the
passband.
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Fig. 6. Performances of two cascaded SIR filters according to Fig.

2a with source-load coupling: larger (a) and smaller (b) source-load
coupling section.

Three cascaded SIR’s are utilized to design an UWB filter
to cover the entire 3.1-10.6 GHz band. Fig. 7 shows the
results of UWB filters using three cascaded SIR’s. The
substrates used are 25-mil RT6006 in Fig. 7a and 50-mil
RT6010 in Fig. 7b. The 3-dB fractional bandwidths are 104
and 102 percent in Figs. 7a and 7b, respectively. A
transmission zero appears at the upper edge of the passband
for both filters, but the attenuation is higher and over a wider
stopband in Fig. 7b. Note that this performance is similar to
that presented in [15], but the circuit in Fig. 7a is more
compact due to the folded arrangement.

Fig. 8 shows the performance of the UWB filter in Fig. 7a,
but with added source-load coupling. The attenuation in the
upper stop-band region is 25 dB from 10 to 16 GHz. Five
transmission zeros are generated through the source-load
coupling. A complex zero also appears close to the upper edge
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according to Fig. 2a and source-load coupling.

IV. CONCLUSIONS

The different UWB filter designs utilizing folded stepped-
impedance resonators have the following advantages: They
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combine compact size and improved performance due to
structural folding of both the SIR’s and the filter; they use
planar microstrip technology and can be produced at relatively
low cost; and they are well suited for ultra-wideband wireless
applications.
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