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Synthesis of Dual-Band Bandpass Filters Using
Successive Frequency Transformations
and Circuit Conversions

Xuehui Guan, Zhewang Ma, Peng Cai, Yoshio Kobayashi, Tetsuo Anada, and Gen Hagiwara

Abstract—A novel method is proposed to synthesize dual-band
bandpass filters (BPFs) from a prototype low-pass filter. By imple-
menting successive frequency transformations and circuit conver-
sions, a new filter topology is obtained which consists of only ad-
mittance inverters and series resonators, and is thereby easy to be
realized by using conventional distributed elements. A dual-band
BPF with center frequencies of 1.8 GHz and 2.4 GHz is designed
and fabricated using microstrip lines and stubs. The simulated and
measured results show a good agreement and validate the proposed
theory.

Index Terms—Admittance inverter, dual-band filter, frequency
transformation, microstrip line.

1. INTRODUCTION

APID development of modern communications demands

efficient utilization of more and more frequency chan-
nels. To reduce the volume and weight of communication cir-
cuits and equipment, many dual-band and multiband compo-
nents, including antennas [1], amplifiers [2], and microwave
filters [3]-[5] have been developed. A number of publications
have provided a variety of solutions to the realization of dual-
band bandpass filters (BPFs). Miyake et al. [3] used two dif-
ferent parallel-connected filters to obtain dual-band character-
istics. Tsai and Hsue [4] inserted a stopband into a broadband
to form dual-bands by cascading a broadband BPF with a nar-
rowband bandstop filter. Because the circuit configurations in
both [3] and [4] include two different filters, the sizes of these
dual-band filters are comparatively large. Recently, Chang et
al. reported dual-band BPFs employing stepped impedance res-
onators (SIRs) [5]. One of the advantages of the SIR filter is that
the positions of the dual-bands can be designed conveniently.
However, it confronts difficulties when making adjustment of
coupling coefficients between neighboring resonators to meet,
simultaneously, the dual bandwidth specifications of the filter.
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Fig. 1.

Two-pole prototype LPF and its transmission characteristics.

Uchida et al. [6] developed a dual-band-rejection filter with
smaller passband insertion loss through the formation of two
closely spaced rejection bands, using a novel frequency-trans-
formation. In this letter, the frequency-transformation technique
is extended to develop a new synthesis theory for the design of
dual-band BPFs. The theory commences with a conventional
prototype low-pass filter (LPF) and a frequency transformation,
which converts the prototype LPF into a BPF. After a second fre-
quency transformation is carried out, the BPF is converted into
a dual-band BPF. The dual-band BPF has a complicated config-
uration compared with those of conventional BPFs. To simplify
the realization of the obtained dual-band BPF using distributed
transmission lines or waveguides, admittance inverters are intro-
duced successively to evolve the filter into new topologies. The
final circuitry of the dual-band filter consists of only series LC
resonators and admittance inverters, and hence can be easily re-
alized by using distributed transmission lines and conventional
design techniques. To verify the proposed theory, a dual-band
BPF operating at 1.8 GHz and 2.4 GHz is designed and fabri-
cated in a microstrip form. It is found that the measured response
of the filter agrees well with the simulated result.

II. SYNTHESIS THEORY

Fig. 1 shows a two-pole prototype LPF and its schematic
transmission characteristics. The element values of go, g1, g2,
and g3 in the prototype filter are determined by its passband
specifications using the well-known formulas in [7], and ¢ is a
constant relating to the maximum insertion loss in the passband.

The prototype LPF is converted to a BPF by executing the
following frequency transformation [7]:

Q. !
Q= v _“ 1)
FBWO wo w!
where Q and w’ are angular frequencies of the LPF and BPF,
respectively, (2. = 1 rad/s is the cutoff angular frequency of the
prototype LPF, FBW and w are the fractional bandwidth and

center frequency of the BPF, respectively. Through this transfor-
mation, the series inductor and shunt capacitor in the LPF are
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Fig. 3. Two-pole dual-band BPF and its transmission characteristics.
converted to a series and a shunt LC resonator, respectively, in
the BPF shown in Fig. 2. The schematic transmission response
of the BPF is also given in Fig. 2. The expressions for the circuit
elements in Fig. 2 are as follows:
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The BPF is further converted to a dual-band BPF when the fol-
lowing frequency transformation [6] is conducted:

/ wo w wo
“ T FBW <w0 w) @
where w is the angular frequency of the dual-band BPF, w; and
woy are the center angular frequencies of the first and second
passband of the dual-band filter, FBW = (ws — w1)/wy, and
wo = (w1w2)1/2.
In the case of a narrow band (FBW <0.1) filter, we get

FBW, = FBW, = FBW, 2%

w1 + w2

here FBW; and FBW are the fractional bandwidths of the first

and second passband of the dual-band filter, respectively. The

circuit configuration of the obtained two-pole dual-band BPF is

shown in Fig. 3, where the schematic transmission characteris-

tics of the filter are also depicted. Through a little bit tedious

but straightforward formulation, we get the expressions for the
circuit elements in Fig. 3 as follows:
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It is observed that the circuit configuration of the dual-band
BPF in Fig. 3 becomes fairly complicated compared with that
of the conventional BPF in Fig. 2. Its series and shunt branches
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Fig. 5. Dual-band BPF with only .J-inverters and series LC' resonators.
now include both series and shunt LC resonators. Such a cir-
cuit is difficult to realize at microwave frequencies when using
distributed transmission lines. Therefore, successive circuit con-
versions are implemented below. First, the series branch is re-
placed by a shunt branch with the aid of admittance inverters
(J-inverters), as shown in Fig. 4. Circuit elements in Fig. 4 are
determined by the following expressions:
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Although the circuit in Fig. 4 contains only shunt branches
now, each of the shunt branches includes both series and shunt
LC resonators. Therefore, a further step of circuit conversion
is implemented by replacing all the shunt resonators with series
resonators through the assistance of admittance inverters. The
obtained filter is shown in Fig. 5, which consists of J-inverters
and series LC resonators only. The derived formulas for the
circuit elements in Fig. 5 are given as
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As shown in (13) and (14), the elements C..1, C,2, Jo1, and
Jo3 may take arbitrary values. However, in practice, their values
need to be chosen appropriately so that physical dimensions of
these elements can be realized without much difficulty. The ad-
mittance inverters, J,, Jp, and J 5 are then determined by using
(13). The flexibility in choosing the parameters allows us more
freedom in the design and realization of dual-band BPFs.
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Fig. 6. Microstrip realization of a dual-band BPF.
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Fig. 7. Simulated and measured responses of the fabricated dual-band filter.

III. DESIGN EXAMPLE

A dual-band Chebyshev BPF, based on the topology in
Fig. 5, is designed using microstrip lines to validate the theory
proposed above. The central frequencies of the dual-bands are
1.8 and 2.4 GHz, respectively. The ripple in the passbands is
0.01 dB, and the equal-ripple bandwidth of both the first and
second passband is 2.78%, i.e., 50 and 67 MHz, respectively.
The admittance inverters in Fig. 5 are realized by employing
microstrip quarter-wavelength lines, while the series LC' res-
onator are realized by using microstrip quarter-wavelength
open stubs [8].

Fig. 6 shows the configuration and dimensions of our de-
signed dual-band filter, using the commercial substrate Duriod
6010 with a relative dielectric constant of 10.2, a loss tangent of
0.0023, and a thickness of 0.635 mm. The stubs in Fig. 6 with
width 0.8, 1.0, and 2.4 mm are quarter-wavelength admittance
inverters, and the remaining four open stubs are four series LC'
resonators.

Fig. 7 provides a comparison of the simulated and mea-
sured characteristics of the filter. The solid lines are measured
response of the fabricated filter, using a network analyzer
HP8722ES. The dashed lines are simulated curves of the
microstrip filter shown in Fig. 7, using a full-wave electro-
magnetic solver [9]. Both the dielectric and conductor (with a
conductivity of 0 = 5.8 X 107 S/m of copper) loss are taken
into account in the simulation. The agreement over the dual
bands is good with the exception of a frequency shift which
occurs between the simulated and measured responses. Such a
frequency shift is observed in most previous reports of filters,
and is mainly caused by the deviation of dielectric constant
between the nominal and its real values, and by the fabrication
tolerance of the filter. A transmission zero at about 2.1 GHz is
clearly observed, which produces sharp and large attenuations
between the dual passbands of the filter.

IV. CONCLUSION

A new synthesis method of dual-band microwave BPFs is
proposed. By implementing two successive frequency transfor-
mations, a dual-band BPF is obtained from a prototype LPF. A
new topology of dual-band BPF is obtained, and its realization is
made easy by carrying out circuit conversions using admittance
inverters. The design example in a microstrip form provides a
good agreement between the measured and simulated frequency
response of the filter and verifies thereby the proposed theory.
Although the theory and example is described for a second order
filter, its extension to higher order filters is straightforward and
follows the same procedure described in Section II.
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