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Abstract —This paper introduces an improved performance
ultra-wideband bandpass filter by using lumped capacitors as an
external coupling to stepped impedance DGS lowpass filter
structure. The filter has a passband from 3.1 to 10.6 GHz and a
wide stopband up to more than 20 GHz. Insertion loss less than
0.6 dB. The filter has a length of just 13 mm. The experimental
results agree well with the predicted ones.

Index Terms — Bandpass filter, DGS filter, microstrip filter,
UWSB filter.

I. INTRODUCTION

Ultra wideband (UWB) wireless communication systems
with 3.1-10.6 GHz frequency band have gained an increased
interest in recent years [1], they are characterized by higher
data rates and lower transmitted power. Filters represent an
essential component of such systems. Various filter structures
have been proposed in the literature, e.g. [2]-[12]. The
combination of a lowpass and a highpass filters is a classical
structure for such kind of filters [2], [3]. It occupies,
however, a large area, which may increase the losses of the
filter. In [4], an UWB filter was built by cascading various
ring filters, while, in [5] and [6], UWB filters were designed
using multi-mode resonators. An UWB filter introduced in
[7] was designed by employing quasi lumped microstrip
resonators built on both sides of the substrate. Recently,
ultra-wideband bandpass filters have been designed by using
low-pass filters structures capacitively coupling to the 1/O
ports [9], [10]. In [11] an ultra wideband bandpass filter has
been introduced using a lowpass filter structure where the
frequencies lower than 3.1 GHz are attenuated using quarter
wavelength stubs connected to the ground by via holes.
Fabrication of such a structure is however complex due to the
used via holes.

Increasing the coupling between the UWB filter structure
and the I/O ports has been always an important issue. In [§]
an interdigital coupling structure was proposed. A compact
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UWB bandpass filter using this coupling structure was
presented in [9], however, the size of the interdigital coupling
structure has enlarged the overall filter. In [6], [7], and [10]
broadside coupling has been used to inherent the capacitive
coupling between the filter structure and the I/O ports.

The quasi lumped element based on the defected ground
structures (DGSs) have been proposed to improve the
rejection in the stopband of lowpass filters (LPF) [13]-[18].
On the other hand lumped capacitors are used in filter
application mainly for minimizing the size of the resonators,
and for tuning their resonant frequencies, e.g. [19] and [20].

In this paper, an ultra wideband bandpass filter is
presented. The filter is realized by coupling a DGS lowpass
filter capacitively to the I/O ports by using a ceramic
multilayer capacitor. The filter is built on an RT Duroid
RO4003 substrate with a thickness of 0.813 mm and a
relative dielectric constant g, of 3.38.

II. FILTER DESIGN

To design the ultra wideband bandpass filter with a
frequency range from 3.1 to 10.6 GHz using a lowpass filter
[9], [10], two steps are necessary: We firstly design a low-
pass filter with a cut-off frequency of 10.6 GHz as shown in
Fig. 1.
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Fig.1. UWB filter using coupled lowpass filter



In general, the cut-off frequency of the low-pass filter can
be adjusted by setting proper values of the lumped elements
of the filter [21].

The shunt capacitive elements of the filter are realized by
short sections of low-impedance transmission lines. The low
impedance sections are implemented by using wide patches.
Characteristic impedance Z, and effective dielectric constant
& of these transmission lines can be determined using a
commercial simulator [18]. The transmission line lengths /; of
the filter capacitive elements, assumed to be much shorter
than the wavelength, are calculated from

/
C, = S S— (1)
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Series inductances are realized by DGS sections.

The DGS is modelled as a parallel LC resonant circuit

[17], where the circuit elements are given by:
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where f.and f, (given in GHz) are the 3 dB cut-off frequency
and the corresponding pole of the DGS, respectively. These
are obtained from the simulated response of a DGS circuit
element [17]. At any frequency f < f,, the parallel circuit
behaves as an inductor and its value in nH is

Li=r——""17 3)

where the indices & and j correspond to elements with
capacitive and inductive character, respectively. Cy and L; are
the capacitance and inductance of the equivalent circuit of the
filter. The phase velocity is calculated by

c
Vo = 4)
& off
By determining all filter components, the lowpass filter can
be combined, however, some optimization can be done to
take into account the involved discontinuities and to achieve
good matching in the passband.

The second step is to suppress transmission in the
frequency band below 3.1 GHz. This has been done using an
interdigital coupling structure [9], and by overlapping a
section of the original input and output lines of the low-pass
filter by new input and output lines on the other side of the
substrate [10]. These coupling sections, however, occupy
large area; therefore we have replaced these structures by a
ceramic multilayer capacitor with SMD termination. The
capacitor itself has dimensions of 0.8 mm in length and 0.5
mm in width, and capacitive value of 1 pF [22].

III. EFFECT OF CAPACITANCE ON LPF RESPONSE

To study the effect of the capacitance value on the
performance of the filter, four different values of the
capacitances, i.c., 0.7, 0.9, 1.3, and 1.7 pF, are used to couple
the LPF to the I/O ports. Fig. 2 shows the simulated filter
response for different coupling capacitance values. By
increasing the capacitance values, the coupling is increased
owing to an improvement in the passband matching and
shifts the cut-off frequency to a lower frequency. For
capacitance values less than 0.5 pF, the simulated response of
the UWB filter is not satisfactory due to weakness in the
coupling between the LPF and I/O ports, as shown in Fig. 3.

From the above analysis 1 pF capacitor was chosen as it is
suitable for our application, in which compromising between
the required bandwidth and matching within the passband
should be done.
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Fig. 2. S;; and S;, at four coupling capacitance values: 0.7,
0.9, 1.3, and 1.7 pF.
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Fig. 3. Simulated insertion and return loss of the 0.1pF
capacitor.



III. EXPERIMENTAL RESULTS

The proposed filter has been optimized, fabricated, and
measured. Fig. 4 shows the top and bottom layout and its
dimensions of the simulated filter structure, while, Fig. 5
shows the photograph of the fabricated structure. The
measured and simulated insertion and return loss of the filter
are shown in Fig. 6. The maximum insertion loss within the
passband is better than 0.6 dB. The filter has a stopband
attenuation better than 20 dB up to 20 GHz. Fig. 7 shows the
group delay of the filter within the passband with a maximum
variation less than 0.1 ns.
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Fig.4.a. layout of the proposed microstrip UWB filter
(top view), all dimensions are in mm .

Fig. 4.b. layout of the proposed microstrip UWB filter
(bottom view), all dimensions are in mm .

VI. CONCLUSION

An improved performance ultra wideband bandpass filter
has been presented. This filter has been designed by coupling
a DGS lowpass filter to the I/O ports using surface mounted
capacitors, to minimize the size of the filter. The coupling
capacitor value affects the performance of the filter and
controls the lower cutoff frequency. A wide stop-band with a
rejection higher than 20 dB up to 20 GHz has been achieved.
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Fig. 6. Simulated (dashed) and measured (solid) insertion
and return loss of the UWB filter.
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Fig. 7. Measured and simulated group delay of the UWB
filter.
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