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Abstract — In this paper, a novel type of dual-band
bandpass filter (DBBPF) is proposed by using
microstrip composite resonator s, and its design method
is developed based on the lumped-element equivalent
circuit of thefilter. Both the midband frequencies and
the passband widths of the dual bands of the filter can
be controlled separately. Four DBBPFs with different
specifications are designed, fabricated and tested, and
the measured frequency responses agree favorably
with theoretical predictions, validating sufficiently the
proposed design theory and filter structures.
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|. INTRODUCTION

In recent years, the rapid growth of various
wireless communication services has results in
strong demands for communication systems and
devices capable of operating a multi-mode and
multi-bands [1]-[2]. Many reports on dua-band RF
and microwave filters [3]-[9] are now available. In
[3], a dud-band filter was accomplished by
connecting in parale two bandpass filters (BPFs)
with different passbands. In [4], a wideband BPF
was cascaded with a narrow-band bandstop filter to
get a dual-passband response. Asthe circuitsin both
[3] and [4] consisted of two different filters, their
configurations were comparatively large.  Other
papers, like [5] used dua-behavior resonators, and
[6] and [7] utilized the dominant and first higher
order modes of stepped impedance resonators (SIRS)
to realize DBBPFs with separately controllable dual-
band center frequencies. Some more recent papers,
including [8]-[10] reported dua-band BPFs
consging of dua-band inverters to obtain
controllable dual-band response, but no explicit
design formulas relating the filter specifications and
circuit parameters were provided to facilitate the
design of thesefilters.

In this paper, a novel type of dual-band bandpass
filter is proposed by using lumped-eement
composite series resonators, and a design method is
developed based on the circuit analysis. Both the
midband frequencies and the passband widths of the
dua bands of the filter can be controlled separately.

Moreover, circuit transformation is performed to
allow easy redlization of the filter by using
microstrip or other planar transmission lines. Four
DBBPFs with different specifications are designed,
fabricated and tested, and their measured frequency
reponses agree favorably with  theoretica
predictions, validating solidly the proposed design
theory and filter structures.

Il. SYNTHESIS THEORY

Fig. 1 shows an n-degree BPF using conventional
shunt LC resonators and J-inverters. The parameters,
including the inductor L, capacitor C; and
admittance-inverter J;., are related by the following
well-known formulas[11].
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where ay is the midband angular frequency of the
BPF, FBW isthe fractional bandwidth, and g; (i=0,1,
..., n+1) is the element values of a Butterworth or
Chebyshev prototype lowpassfilter.
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Fig. 1. Conventiond BPF with J-inverters and
shunt LC resonators
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Fig.2(a) shows a composite series resonator. It is
a cascade of two shunt LC resonators. These two
shunt resonators have susceptance Y, and Y, and
resonate at w, and ay, respectively. Assume w, <,
then when o,< w < an, Y>0 is capacitive, and Y,<0
is inductive. As a consequence, the composite
resonator in Fig. 2(a) can be represented by a series
LC resonator shown in Fig. 2(b), which resonates at
.



Fig. 3 shows a typicd frequency response of the
composite series resonator. Two passhands around
w, and @, are observed, and they are formed by the
resonances of the two LC shunt resonators shown in
Fig. 2(@. Meanwhile a transmission zero is
produced a an, which is caused by the series
resonance shown in Fig. 2(b). Following the
analysis procedure described in [12] for a composite
shunt resonator, We get:

w, = ! , Wy = ! , @y = 1 (4)
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Fig. 2. (8 A composite series resonator, and (b) its
equivaent LC series resonator.

Sl IS, (dB)

Cl)a 0)0 a)b
Angular Frequency

Fig.3. Typicd frequency response of a composite series
resonator.

As dtated above, a composite series resonator
exhibits dual passhands around its two resonance
frequencies. We use this property of a composite
series resonator to build a novel equivalent circuit of
dua-band BPF. We replace al the shunt LC
resonators in Fig. 1 with the composite series
resonator shown in Fig. 2(a), and get anew circuit as
shown in Fig. 4. Let dl the LyCy4 (i=1,2,...,n) shunt
resonators in Fig. 4 resonate at «,. Then a passhand
(namely passband 1) around «, is formed by these
resonators.  Similarly, let al the L,;Cy (i=1,2...,n)
shunt resonators resonate at ay,, then passband 2
around ay, is formed. Therefore, the circuit in Figure
4 isafilter possessing dua passhands. The midband
frequencies, @, and @, as well as the passband
widths, FBW, and FBW,, of the dual bands are
determined separately by appropriately choosing L,
Cain Lbil and Cbi (i=1,2...,n) Ugng (1)'(3) It is
important to notice that, as we know, in the
conventional BPF, the values of the J-inverters are
assumed unvaried with frequency. In our design of

the DBBPF, we aso assume that the J-inverters are
unvaried over the dua passbands. To end this
purpose, we can determine C,; and Gy; (i=1,2...,n)
inFig. 4 by using the following relation:
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Fig. 4. Equivalent circuit of a DBBPF using composite
series resonators.
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We find that the composite series resonator shown
in Fig. 2(a) is difficult to realize by using microstrip
or other planar transmission lines. So we transform
the composite series resonator into a composite
shunt resonator by introducing a J-inverter, as
shown in Fig. 5. The composite shunt resonator
consists of two series LC resonators. The element
values after the circuit transformation is as follows:

cl - LaJZ,L;=%. Cl=L,9% L, :% ®

Here, J is the characteristic admittance of the J-
inverter introduced in the transformation. It can take
theoretically arbitrary vaues. But, in practical design
of filters, if the J-inverter is o be readlized by using a
piece of transmission ling, then the value of J is
limited by the impedance of the transmission line

possible for easy fabrication.
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Fig. 5. Transforming a composite series resonator into a
composite shunt resonator by introducing a J-inverter.

After all the composite series resonators in Fig. 4
are transformed by introducing J-inverts, asis shown
in Fig. 5, the filter shown in Fig. 4 is then
transformed to the circuit shown in Fig. 6. As will
be explained below, both the LC series resonators
and the J-inverters in Fig. 6 can be readily redized
by using microstrip open stubs.
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Fig. 6. Equivalent circuit of a DBBPF using LC series
resonators and J-inverters.

I11. DESIGN EXAMPLES

To verify the above-described design theory, four
DBBPFs with different specification, as shown in
Table 1, are designed. The eement vaues in the
lumped-element circuit in Fig. 4 or Fig. 6 are
obtained by using formulas described above, and the
frequency responses of the filters are computed by
using circuit-based smulators, like the well-know
ADS of Agilent Co., or Designer of Ansoft Co..
Because of the space limit, only the response of filter
A and D aregivenin Fig. 7. Itisseen that the design
specifications, including the bandwidths and center
frequencies of the dua-bands of both filters, are
satisfied well.

TABLE | FILTER SPECIFICATIONS

Filter A B C D
FBW,(%) | 4 2 4 2
FBW, (%) 4 4 4 4
f,(GHz) | 1.8 | 1.8 | 24 | 18
f,(GHz) | 24 | 24 | 52 | 24

degree 2 2 2 3
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Fig.7. Frequency response of (a) filter A, and (b) filter C.

IV. CoMPACT MICROSTRIP DBBPFs

The DBBPF shown Fig. 6 consists of LC series
resonators and J-inverters only, so it can be easly
accomplished by using microstrip or other planar
transmission lines. As described in detail in [12],
both an LC series resonator and a J-inverter can be
redlized by using quarter-wavelength open stubs.
Design formulas relating the circuit elements with
the dimensions of the microstrip open stubs were
derived in [12], and are omitted here because of the
spacelimit. A substrate with a dielectric constant of
11.3, athickness of 0.635mm, and a loss tangent of
0.003 is used. The dimensions of the filter are
obtained by using an electromagnetic smulator,
Sonnet em [13].

Fig. 8 illustrates the configuration and dimensions
of filter A designed above in Section |11, and Fig. 9
shows a comparison of its frequency responses. The
solid lines in Fig. 9 are smulated results of the
microstrip filter shown in Fig. 8 by using Sonnet em.
Losdess substrate and conductors are assumed in the
simulation. On the other hand, the broken lines are
computed from the equivaent circuit shown in Fig.
4. The agreement between the solid and broken
linesisgood at frequencies around the passbands. At
frequencies in the stopband, the transmission zeros
associated with the distributed microstrip filter
results in sharp and large attenuations.
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Fig. 9. Comparison of the frequency response of filter A.

The microgtrip filter is fabricated and then
measured using a network analyzer HP8510C. Fig.
10 is a photograph of the fabricated filter A. In Fig.
11, the measured data are drawn in solid lines, and
are compared with the broken lines smulated by
Sonnet em when taking into account of the dielectric
and copper (6=58x10° S'm) losses. Over both the
passhand and stopbands, an excellent agreement is
observed between the solid and broken lines.

Fig. 12 is a comparison of the measured and
simulated response of filter C. Again, a good
agreement is observed. Because of the space limit,
resultsfor filter B and D are omitted here, but similar
conclusions are abtained.

V. CONCLUSION

A novel class of DBBPF is proposed by using
composite resonators, and its design method is
developed based on the lumped-element equivalent
circuit of the filter. Four DBBPFs with different



specifications are designed and fabricated in
microstrip form. The measured frequency responses
agree favorably with theoretical predictions. The
theory and design examples prove that the dua-band
responses of thefilter can be controlled separately.
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Fig. 11. Comparison of the measured and simulated
frequency responses of filter A.
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Fig. 12. Comparison of the measured and simulated
frequency responses of filter C.
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